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(57) Abstmct 

A ccnibSnaxofial synthesis 
incOiod for fabricating unique elites 
of discrete copc^ymcr sensors Eoid 
copolymer gradicnC sensors lb provided. 
The method employ$ combinatorial 
copolymer vynifaesls of discrete 
mooomer or oligomer combinations afi 
well as spatjally-vaiyuig oombinatlons 
for generating lat^e numbers of 
analyto-di«crifflInaiing sensors from 
a limited $elecdon of initial monomer 
and oligomer cuiiiposltions. Tht 
method can be Applied to cither 
analytD-spedfic eensois or sensor 
aimys or &emS-seIoctive sensors and 
cfoss-^eactive Acnsor airays which 
employ Wnuallj any known ptiysic- 
odwmicsl tiBzisductlon mcdunism 
for detecting analytes. Since the 
snalyte response chamcceristics of 
such copolymer seniors m not limited 
to a Ime^ ptfoportional ratio of Qse 
monomer or oligomer combinatiofis 
employed, the resulting copolymer 
sensors provide for increased diversity 
in sensor and sensor array response 
charocteristicB for discTimmatxng 
beiween a vaziciy of materiails and for 
dstccting find identifying onalytcS in 
fluid famples. 





a40 



^10 




2^0 



PAGE 4/56* RCVD AT 10/12/2005 6:33:56 PM [Eastern DayOght rme] * SVR:USPTO-EFXRF-6/24* ONIS:2738300 ' CSID:16192350176* DURATION (min-ss):19-22 



BEST AVAILABLE COPY 



10/12/05 15:34 FAX 16192350176 



EMOB SAN DIEGO 



Igl005 



FOR THE PURPOSES OF INFORMATION ONLY 
Codca used to Identify Stat» party to ili£» PCT cm flit ftont p&gee of pampUets publishrag iotemationaJ applicadods under Aw PCT. 



AL 




ES 


Sp&lD 


L8 




SI 




AM 


Amcnii 


Ft 




LT 






SlovnHa 


AT 


Annila 


FU 




LU 








AV 




CA 


Gvbam 


UV 




SZ 
TP 




AZ 


AzcfMyaa 


CB 


IJnitrd Krngdtan 


MC 




Chad 


BA 


Butadn 


GE 




MD 


Repoblic of MoIdDva 


TC 


Tag^ 


DB 


GB 




MG 


Mtdagucar 


TJ 




BE 




CN 




MK 


The fi)naer Ybh™^ 


TM 


TuriMKnklBO 


BP 


Bttiklna Pm 


GR 






Bcpobllc DTMKcteiA 


TR 




BC 




HU 


Hm^sry 


ML 




TT 


Ttiiiidad nd'rebieo 


BJ 




IE 


nctaoa 


MN 




UA 


UknJjic 


BR 


Bnnl 


IL 


tftnci 


MR 




UG 




BY 




IB 




mw 


Miltvi 


US 


lAk^fid SoBBfl of A^nc^CT 


CA 


IT 




MX 


Mexico 


vz 


Uifacljsriii 


O 


Centm] A&icta Rcpoblie 


JF 




K& 


Ki^ 


VN 




CO 


KB 




NL 




VU 




CB 




KG 




NO 




zw 




a 


CQtg dfvotia 


KP 


Democmle PcopleH 










CM 


OBnmraua 




RepOMtcofKareE 


FL 








CN 


Chi tit 


KR 


Republic of KMca 


PT 








cu 




KZ 




RO 








cz 




LC 


S^int Lucia 


HU 








0& 




U 




SD 








DK 




LK 


Sri Lcnkft 




Sweden 






GB 




lA 




SG 









PAGE 5156 ' RCVD AT 1(llt2l20D5 6:33:56 PM [Eastern DayGgtit Tune] ' SVR:USPT0{FXRF-6I24' DNiS:273S300 * CSID:16192350176 ' DURATION (fniihSS):19-22 



10/12/05 15:35 FAX 16192350176 KMOB SAN DIEGO 81006 



PCT/US99/1W24 

WO 00/13004 



-1- 



COMBINATORIAL POLYMER SYNTHESIS OF SENSORS 
FOR POLYMER-BASED SENSOR ARRAYS 

FIELD OF THE KSKVEIinON 

TWs invention relates to a method for combinatorial polymer synthesis of sensors for polymer-based 
5 sensor anays and, more parlicularty, to copolymer sensor composffions, their synthesis and application 
in chemical sensor arraiys. 

■\ 

BACKGROUND OF THE INVENTION 

Combinatorial synthesis methods are known In the art and have been successfully employed ki a 
grownrvg number of research areas including dnig discovery pAfl. Gordon, et aL, Acc Cfiem. Res. 

10 2firl44 (1996); MJ. Runkett. etal.. Scttrmc American, Apr* 1997, p. 691. optimlzaflon [Hohhs, et 
aL, Aca Otmrn, Res, ^114 (1996>J, comptex sequence-selective receptor moleculo synthesis tW.C. 
Still, Acc, Chem, Rbs. 29^55 (1996)1, catalyfic antibody producCon P.G. Schuttz, et al., Science 
269:163$ (1995)1, inorganic superconductor synthesis pCD. XIang, etal,, Scfence 268n738 (1995)]. 
inorganic magnetoresistance materials a^esis [G. Briceno, et al., defence 270-^ (1895)] and 

15 Inorganic luminescent materials synthesis JE. Danaelson, et aL. Nature 389:944 (1997)], 

Photochemical approaches to combinatorial synthera have been disclosed In a number of references 
Isee U.S. Patent Nos. 5268^14 and 5,545,588 to EUnran; SPA Fodor, et al^ Sdonce 251:787 (1991); 
U.S. Patent No, 5.424,188 and PCT Publication No. WO 92/10092 to Fodor, et al: U.S. Patent No. 
5,527.681 to Holmas, et al; J,W. Jacobs, et al„ TIB TECH 12:1 9 (1 994); U-S. Patent Noi 5,41 2,087 to 

20 McGall, et al; and U.S. Patent No. 5,143.654 to Plming, et alj. In these methods, photochemical 
syntheses of large arrays of biologically active compounds which are Immobilized on soBd substrates 
are dtedosed using convenfionsl photoDthography methods. Wim these methods, immobOlzed polymer 
compounds are assembled in step^wise fashkin using spatially locsBzed photolaWIe masking groups 
in combination vwth conventional masks for selective llumination, l>tocking. cleavage, coupling and 

25 photochemical reacfion of functional groups with frnmobflized polymer backbones. These references 
disdose methods for fabricating arrays of diverse biological compouncb for chemical assays by way of 
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a sequential buiW^ of molecular liagm^rrts onto a polymer backbone in a series of masteng steps and 
photDiniSated reacfions. 

Lundstrom. el ^l. p.Lundstrom. el al. NatufB 352:47 (4 July 1991); L Lundstrom. $0nsorB and 
AcfuatDf^, (1996)1 have dfedosed a quaatenntdnatorial ineftod for ffabricatinfl chemical sensors 

S In which sfenpte sets of binaiy masks are used to produce a patterned, fidd-offect transistor (PET) array 
surface by sequential masking and ewaporatWe deposition of layeia oT different meteb on a 
semiconductor substrate. The metols are subsequently heated to combine the vapor deposited 
matenats by eSher reaction or allaying to form a matrbc of different compounds. This method provides 
for production of thln-fllm chemical-FET (ChemFET) sensor arrays wtth a variety of drfferent tUm 

1 0 compositiorts deposited In distinct areas of the array. 

JOar^s, elal., pCD. XIang, el al.. Sc!enc& 268:1738 (1995)] have disdosed a quasicomblnatorial method 
for fabricating superconducting thin fan;s using a simnar approach to that of Lundstrom, et al The 
disclosed method relies on a comtenation of conventional thin film deposition mettiods and physical 
maskino by reading layers of deposed materials to generate a spatially defined Obrary of soBd^te 

15 thin fflm CDmpoalions of electronic, magnetic, or optical materials by paraUel ^mthosfe. Danielson. et 
al, [E. Dantelson, etal., Nature 389-.944 (1997)1 have cSsctosed a quasi-combinatorial approach simOar 
to that of Lundstrom and Xiang for rapWly synthesizing and proscreemng candidate lurrfnescent 
materials whose properties cannot be predicted by theoretical models. The method also TaFies on 
conventional physical masking and deposition of multiple thhi film layers for production Of a variety of 

20 layered combinations for subsequent reaction and synthesfe via thermal oJddatJve annealing of the 
as-deposited, mui&4ayered. soDd-statB structure to form libraries of candidate compounds for 
evaluation. 

Schuttz IPCT Appication No. PCTAJS95/13278 0ns. PubBca&n Na WO 06/11 873)1 discloses a method 
for parallel deposilion. synthesis and screening of arrays of diverse compounds at predetermined 

25 tocafions on a solid substrate. The meffiod relies on delivering a plurality of components In any 
sn^hlnmetry, or stoichiometric gradients, to predefined regions on a substrate and amulteneousiy 
reacthg the componente to form a plurality of drfferent compounds. Dlsctosed methods for deiveiy of 
components include tiUn-film deposition techniques in combination virith masldr^ and photolithography, 
and dispensing methods where droplets or powders aro delivered by a suitable (fepenser. Disdosad 

30 methods for reacting the components include solution-based synthesis, template directed synthess, 
photeiriitiated reactions, polymerization, heating, annealing and crystellization. The disclosed method 
is used for rapid parallel synthesis and screemng to denfily optimized composaions through 
measurement and oomparison of their ioiown targeted properties. 

With the above disclosed methods, various permutations and combinations of candidate matenals, 
35 compounds, cherracal funciionanty or elements are esfperimentelly synth^ized and screened to identify 
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□pfimum compositiDnB or properties for a known application. Wtth these methods, combinatonal 
^^yntheste tachnlques are typtody to efficiently synthesize, test and identity matenals In 
prescTBenng a lerge number of organic or Inorganic compounds for an optimum targeted reacBvfty or 
performance characterfetic where the perfbm^nce of candidate materials cannot be predicted by 
5 theory, vVfth these rnethods.composttlonsvi^ 

properties are typically efimlnated and discarded as undesfrable or Impractical candidate matwialsfbr 

the targetad application* 

In the flew of cherrtcal sensor technology, a variety of chemical sensor formats end transduction 
mechai^sms have been developed for detection of analytos in gaseous and liquid samples. These 

10 sensors emfrtoy various sensng mechanfems. utiliang changes in chennical. physical, electrical, 
mechanical. opBcai, orthernial properties of ^nsor materials for detecfion and recognition of target 
analytes ki contact fsee Chemk^ Sensors and MkmnstrumeTaaUon. ed. R.W>4txrray, et al., American 
Chemical Soc. (W/ashington, D.C. 1989); R.W, Cattrall, ChefTm;^! Sensors. Oxford Univ. Press, (New 
Yoric 1997); HarKAook of C/»emfca/ and Bkihgtcol Sensors, ed. R.F. Taylor, et al,. msL of Physics 

1 5 PubisWng (Philadelphia 1096); G. Boisde, et aU C/wmica/ and Biochemic^ Sen^ wim Opfice/ Hbera 
and Wav^gukJes, Artech House (Boston 10QS); and Bi^cB-Laiffwhed Acousth IVave Seniors, 
^Thompson, et al., J.Wiley & Sons (New York 1997). 

t 

A number of electrical transducGon mecharnsms have been employed for chemical sensing of target 
analytes. Hectrical sense rs have been employed where the sensor transduction mechanism is due to 

20 changes in conductance, resistance, or interface potenflaL Conductlvfly sensors rely on adsorpltan of 
an analyte onto a sensor substrate interposed between two electrodes biased by an applied potenPal. 
With these sensors, tfie adsorbed analyte produces a change in charge carriers wt^ch creates a 
detectable change in current Amperometric chemical sensors have been developed for measurinfl 
microaitip currente produced by analyte adsorpflon between tno sensor electrodes malntainBd at a fixed 

25 relative potential. In addition, amperometric sensors have been developed which rely on 
electrochemical reaction currents generated by redox reactions occurring at the sensor surface, 
Potantiometiic sensors rely on tnterfadal electrochemical potentials crealed by tending or transport of 
charged analytes across thin membrane fflms %vhrch are designed with chemical binding or transport 
spedflcfty to gwen analytes. In addrfion, potenflometric chemical sensors have been developed as 

30 ion-eetecfive electrodes v^ich Utilize half-ceD reaction voltages for electrochemical detecflon of spadfic 
anatytss. 

U.S. Patent Na 4.717.673 to Wr^Won, et al*. discloses electrode applications of conductmg polymers 
where reversible interac^n of a polymer with an analyte produces a characteristic voltage. U^. Patent 
No, 5,696^14 to McCaffrey, et aL. discloses an amperometric electrode where a characteiteCc current 
35 i9 produced by Interaction of an analyte with an immobilized enzyme layer. 
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Additicmal electricaWased transduction mechanisms have been employed in Bensore which rely on 
changes m rcsistencd. Inductance or copacfeince due to analyto sorption. U.S. Patent Nos, 5.607,573 
and 5.417.100 to MHler. et at, disclose oppiicafions of conducflvs and dielectric polymera In elecOfOdes 
where analyte sorption produces detectable changes \n conducttvay of the pdymera. U.S, Patent Nos. 

5 5,571 ,401 and 5,698,069 to Lewis, ot al.. disclose sensors and sensor arrays that employ chemically 
sensitive i^stors comprised of non-conducflng polymers and conductive materials vrfuch produce a 
detectable change In resisiance upon ^(posure to anatytEs. H V.Shumier, et el.. Sensors and Actuate 
8 4:29 (1991) and PJ^, Bartlett, et al.. Sensors and Actustora A 23:911(1990) and Sensors end 
Actuators A 20:287(1089) disclose gas sensora which employ conduding polymers for detection of 

10 analyte vapors. U.S. Patent No. 6^17,100 to MMIer. et aL, discloses a oonducOve electrode vapor 
sensor comprised of a composite coating of a conductive polymer and a dielectric polymer which has 
an afRnfly for analyte vapore, U.S, Patent No. 5,312.762 to Guiseppl-EBa discloses a reastivity sensor 
which relies on a change In resistance of electroactive polymers when exposed to analytes. 



More recently, olectronlc chemical sensors have been developed which rely on changes In solid'Stata 
15 electronic properties due to ad^rpfion of analytes on potymor-coatad field effect transistor (FET) or 
metal ojode field effecst transistor (MOSFET) surfaces Jsee Y. Ito, et al., Swora and Actuators B 1-3-.348 
(198^: Myahara, et al., Sensors and Actuators B 7:1 (1965); Hanazato, et ai,. IEEE Trans., vol. 
ED-33(1):47 (Jan. 1986): Caras, et al., Anat Cftem, 57(9):1920-1925 (19B5); L Lundstrom, et al.. Nature 
352:47 (4 July 1901): H.M. li/tcConnen, atal.. Science 257: 1906 (1992); I. Lundstrom. Sensors and 
20 Actu^orsA 56:75 (1996): U.S- Patent No. 5,466.348 to Holrr^-Konnedy]. U.S. Patent No. 4.909.921 to 
Ito discloses an eiectrocherrtfcal PET sensor for detecting chemical substances which employs a 
continuous hydrous polymer coafttg on an insulattng layer and an enzyme-immobinzed coating formed 
on a channel portion of the FET. 

Mass-eensrtive mechanical properties have also been employed aa transduction machamsms for 
25 detecting target analytes. Piezoelectric sensors, such as quartz crystal microbalances or surtace 
acousfic wave devices, have been employed which rely on an osdllafing crystal that produces a shift In 
osciOatlng ^equency due to sorption of analytes on a sensor surfece ^ee W.P. Carey, et al.. Anal. 
C/rem. 58:3077 (1986); K. Yokoyama, ot al., AnaLOtrent 65:673 (1993); M.Rapp, et al., Fresenlus 
JJ^naL Cheat 352:699 (1995)]. Inlypical appRcatiDrts of such ppzoelectrlc sensois, careftilly selected 
3D polymer coatings are applied to the surface for optimiizing sensitivity and selectMty towards specif 
target analytes [see WJ^. Car^y, et al.. AnaL Chem, 58:149 (1986); ET. Zellars, et al., Anat.Chem, 
67:1 (1995): J-W. Grate; et ah, An^.Chern. 67:2162 (1995)]. Generally, such devices rely on 
selective interaction of an analyte with a thin film coating placed on an active surface of the sensor By 
bindvig orpartitionk^ of an analyte due to the presence of the surface coating, the resonant frequency 
35 of the sereor is reduced tn proporton to the Increased mass of analyte. By proper selection of sorptive 
coatings, these sensors are capable of detecting analytes by measurement of changes in crystal 
osdilatng frequency. 
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U.S. Patent No. 4,598.697 to BaUato disctosss a piozoeleclnc sensor aitay which employs a plurality 
of coated resonatore embedded in a angle piezoelectric ciyslal where reacBve coafinga ere ufillzed for 
de(8«0on of taipet anatytee. m U.S. Patent Nos. 6,71 9.3» to Thundat, et al., and 3.445,008 to Wachter, 
elal.. micro-canfllavor piezodeclnc sensors are disctaaed which rely on resonant frequency chanflcs 
5 In a mlcnManfflever oadUated by a piezoetecMc transducer where such changes are produced fay 
adsorption of analytos on a rracrocsntflever coated with a sorptive mateitel. 

Thompeoa «t aL, haw recently rwlewed the state of the art of surface acoustic wave sensor CSAV^T) 
technology [sec M. Thompson. SurhKi^^Louncimd Acoustic Wave Sensors, J-Wfley & Son (New Yoik 
198f7)]. These devices are much more sensilive to oscillation frequency changes than conventional 

10 quartz crystal microbalances due to the substantial increase in detectable frequency lange available 
with SAW cievices. In U.S. Patent N os. 4,895,01 7 to Py»ce, et al., 5,1 51 ,11 0 to Bein. ^ al., 5»2a5^ to 
Marfin, el aL. and 525,704 to Mariani. at al., surf9ca acoustks vrave sensors are disdosed virtuch rely on 
the change In resonant frequency of propagated sutlace waves due to adsorption of analytes by a 
sorptive surface coating. Surface acoi^ wave sensor arrays whch have employed a variety of 

1 5 chamlcaly selective coatings have been disdosed in U.S. Patent No. 5.484,608 to Loleshin, et al., and 
by Rapp, et al., |M.Rapp. et aU, Fresehn^ JJ^ChenL 352:6^9 (1 9995)]. Cftteria for opti'tnal selection 
of SAW polymer coating have been cfiscussed by W.P. Carey, et a!.. ArbL Chem, 58: 149 (1 986), ET. 
Zellere. et al. AnaiCheoL 67:1 092 (199S), and J.W. Grate, et al.. Ana/.Chem. 67^2162 (1995). 

OpGoal and etedro-opGcat mechanisms have also tkeen employed as transduction m^ods for sensors 
20 that rely on changes in optical response for detecCno anatytes [see G.Botede and AXammer, ChemfCB! 
0nd BmOtemical Sensing wUh Optkxti FS>era and S/^vegwdes, Artech House (Boston 1996^. Thus, 
optical absorbanoe, emittance, transmmance, reflectance, luminescence, nterferenca, polarizafion. or 
surface ptesmon resonance n^ be monitored for detecfing anahftes. With these methods, the sample 
or sensor Is typically ilhjminated mth inddsnt Rght energy having a certain optical or spectral 
25 characteristic and the sensor-ana tyte interaction produces an opQcalty detectable response which is 
ridicative of the analyte. 

Optical sensors and sertstr^ methods have been disclosed which rely on changes in refractivB index due 
to sorption of analytes at a sertsor surface Esee Kawahara. et aU AnaL Chm. Acta 151:315 (1983): 
Sutherland, et^.Ana^ Lett XTM (1984); (^Ubrd, et al., Sens, Aduat, 6:107 (1984); V.8.Y. Lin, etal., 
30 Saence 278:840(31 Oct 1 997)]. Optical sensors vifhich employ "mterforometrte messuramenta have 
been disclosed by Butter (4pp/.P/iyfijLett 45:1107 (1984)] and Dessy [Ana/.Ctem. 57:118aA (1985)]. 
U.S. Patent No. 5,606,633 to Groger. et al., (fisdoses a transduction method which reQes on monitortng 
the Intensity ratios of and TE polartzatlon of an incident ^ht beam where attenuation of TM 
polari2aiiDn occurs due to adsorption of an enatyte at the sensor surface. 
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Fiber optic sonsors which employ opScal fbera. fibar opfic arrays and Bght absorbing dyes ar^ 
particularly ussI^jI bs optical sensoi? and have been dbcksed by a number of workers |see WJ^. SeHz. 
C cm Rev. Anal Chem, 19:135 (1986); fttete^ito-ljiryilhes^ Sp^cfrwcopy, Meffiodir afK* 
ApplicBtians, od. S,G. Schulman. J, VWoy & Sons (New Yortc 1988); DJ^. Walt at al.. tn Chemfca/ 

5 Seniors affd Miern'mstmrnentBtJon. ACS Symposium 403, p. 252, American Chemical Soc 
(Vteshington. D.C. 19SS); SM Barnard, at al., Envirm, Sd, TechnoL 25(7>:1301 (1991); SM, Barnard, 
at aL, Nafiire 353:338 (26 Sept 1 991 ); O.S. Wolftj* m R>er Opfc C/»mica/ Sensors, vol- 2, CRC Press 
(B0<^ Raton. FL 1991)], U.S. Patant Nos, 5^44^ and 6^50,284 to Walt, at al. disclose methods 
for attachirio a plurai^of polymer-^iye comWnatione, representing multiple chemical functionaMes, a« 

1 0 optical sensor elements In a fiber optic array where sensor elements are selected due to their sensWvrty 
and selectivfty for parfcular anajytas. In order to provide for discrimination and deteciton of analytes of 
interest by these methods, sensor elements typicaOy must be capatH© of producing a characteristic 
optical response in the presence Of an analyte when suWected to exdtafion light energy. 

Surface plasmon resonance methods have recently been disctosod as useful optical transduction 
1 5 m^ods for chemksal sensors In detecting of anatytes |see K. Malsubara, et al., Af^i^ Optica 27n 160 
(1988); D.C. Cullen, et al.. Sensors end Actuators Bl:576 (1990); Vlllaondas. et al., Sensors arJd 
Acftiator»A21 :1142(1990); l.<5arc«s. etaUSe/wora and>*cftiato« 07:771 (1^2); J.Melendoz, et aU 
Sensors and Actuators B39(1-3)375 (1997)]. U.S. Patent Nos. 5.255.075 to Cush, and 5,359,691 or 
5^7,030 to Jorgenson. et aq. Cush discloses a transduction method which relies on an angular shiR 
20 to the resonance angle of Inddenl polartzed Ught as a means for sensing analyte absorption on the 
sensor. U.S. Patent Nos. 5.359^81 and 5.647.030 to Joigenson, et al., tisclose use of thin film coaftigs 
as either dynamic range controIBng layers, for modrfying the range in Indices of reftadion of seneoiSp 
or reactive layers, for interacting with spadfic analytes to produce a detectable ^ft In an effective 
surfoce refractive index due fo atksorpfion of an analyte by the film layer. 

25 While the above senang methods typically rely on the senalivlty of a particular sorteor to a specific 
analyte, more recently, chentical sensor anay fomials have been developed, in which a series of 
discrete, cross-reacfive sensing regions are used in corjunction vfth pattern recognition schemes for 
detecting and idenWytng a broad range of analytes- Wfth this croas-readiv© sensor array approach, 
fher© is no need to employ sensor elements which are spaifically serwUhre to a particular analyte as 

30 the combined sensor resporaes vwlhin the ser*sor array are used for producing a chanacterisfic array 
response to a diverse selection of analytes. 

A variety of sensor transduction methods have been empiloyed in such w>ss-reacGve sensor anays 
virhere sensor array elements may utilize any determinable physicochamlcal phenomermn which 
characterisGc of the sensor-analyte Interacflon and wWch provides a discriminating and detectalde 
35 response. Thus, changes in eSectricat properties, such as conductance, resi^nce, Interfoce paleitflal. 
electrocherrscal hatf-cell voltage or reaction currents, optical properties, such as absorption, enrilssion. 
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reflectance, traremaianc?^. polarization, interference, or surface plawtion resonance, physic&l changes, 
such as swelfing or contraction, mass changes due to surface sorption of analytes, or any other 
measuratde physlcochemfeal anatyto-sensar Interaction phenomena nfiay ba utilized for sensing 
artalytes. 

5 Such cros»«enang sensor array methods have been applied to surface acousflc wave sensor formate 
[J. Grate, et al., jftnat C/iem. 63: 1719 (1991); S. Rose-Pehrsson, Ansi. Chem, 60:2801 (1988); B. 
Zeners, ot at, AnaLChenL 67:1092 (1995)], electrochemical sensor formats fcJ. Stetter, et aU AnoL 
Chem- 56:860 (19BS)], conducdve polymer sensor formats [J, Hatfield, et a!., Sens, Actu^ors B 
18-19221 (1994): M. Freund. et aL, Pmc Natf. Acad. Sci USA. 92:2652 (1995); Lewis, et al., U^. 

1 0 Patent Nos. 5.J571 and 5,698,0891, and piezoelectric sen$or formats IW. Carey, et aL. Ana/. Cftem. 
602801 (1988): T. Thundat, el al^ AnaLOhent 67'.519 (19953], 

More recently, Vteft, el, have disclosed cross-reactive ftoer optic array sensors wWch ernploy diveise 
polymer-dye ramtxnatidns In conjunction with fiber opflo bundles or arrays for detecting a variety of 
analytes [see J. White, et al., Anaf, Chenu 682191 (1996) and TJ\. Dickinson, ^ al.. Nature 38^697 
15 (1 996)1- U.S. Patent No. 5.51 2.490 to Walt, et aL, dtsdoe^ a cross-readive, Waer optic sensor airafy 
comprised of a plurality of pofymer-dye combinations as sercror element where the sensors are 
senu-selecSve for perflcular analytes. The disclosed array and detecSon method provides for detecting 
Q vaiisty of rrrateriab by applying pattern recognifon techniques to the composite sensor anray response 
to analytes. 

20 Polymedo matefels have particular utiTity as either sensor element m^rfces or surface coatings applied 
to sensor elements for enhancing sensor discriminating capabiQies towards analytes. Thin polymer 
fBms are effective in modifying and enhanciog sensor reacfivity, response times, sensitivity, spedficay 
and selectivfty and may be sucoessfulty employed in most every sensor format Due to the substanttat 
flaxUiy and control of polymer structure and properties, polymer films may be chemlcaUy designed to 

25 piefefentiaDy adsorb or repel particular analytes, thereby s^niUcantly Improving seiectMty of a sensor. 
Polymer thin films may enhance chemical setectMty by either altering the pertffionirig of analytes or 
interfeiants between the sample medium and sensor or modSying the transport properties of artatytes 
to the sensor surface. 

A variety of polyrTwric matarials have besn employed In cross-reactive ser^r arra^ as seml-seledive 
30 sensor elements to provide for discriminstion between target analytes« In these applications, analyte 
discrvnlnation may t>e achieved by explcutirtg various polymer properties such as analytd solvation and 
paitffion coBffidenls [J.W. Grate, et aL. Anal. Chem, 672162 (1995); J.W. Grate, et al., Sens. Ac^atora 
83:85 (1991)1 molecular polartly [J. White, et aL, Anal, Chern. 662191 (1996): TA. DlcldJ^n. et aL, 
Nature 382:697 (1 996)], dimensional changes or swelTing upon exposure to analytes [J. White, et aL, 
35 Anai, Cfjem 682191 (1996); TA. Dickinson, et aL, Wafare 382=697 (1996); M.C, Lonergan, et aL, Cftem. 
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MBtBT. 6:2208 (1996); SM. Barnard, et al., Bnflwi. Sc^ Techno/. 25:1301 (1991)1. change to 
conducftay upon exposure to an analyte Carey, et al. Anal Oiem. 58:3077 (1988); S. Undo, et 
al., Adv. Atefer. Op(l Soct 6;151 (1M6)]. and analyte sorption characteristics [RA. McGlH, et a1.. 
CHEM7BCH 9:27 (1 994); J-W. Grate, et aL> AnaJL Chem. 68:91 3(1 996)]. 

5 iciespedive of the tiahsducfion means emplayBd far chemfcat sensors, a potentially eignifioant Emaation 
of current chemical eensors and sensor technology ie the fimiled setecGon and choice of polynoeiio 
»nsor matertab and sensor coatir^ wrtdi can provtda dfeciimlnating responses for detecfing analytes 
of mterBBtby product a unique, determtoaHa. characterfetic sensor response to a variety of analytas. 
Thus, a new famDy of sensor materiab which provklos for expanding the numt)er and dtveisiiy of 

1 0 avalaixle sensor elemenb for use as discrete chemical sensors or In chemical sensor arrays b required 
for Increasing the capatnlfties of chemical sensor arrays and improving the seledwity, sensitivity and 
detecfion of a variety of target analytes with such arrays. 



SUMMARY OF THE INVENTION 

In general, the present invention provides for the development of femiiias of unique chemical sensing 
1 5 slaments for use either as discrete sensois or as semi-selective sensor elements in cross-reactive 
chemical sensor arrays and a method for febricatmg the same. The innovative method reBes on 
comlxnat^al polymer syntheas of copolymer sensors from two or more distinct monomers, oRgomerSr 
or their derivatives, where the monomers or ofigomeis are polymerized In efther dbcrete composition 
ratios or from corrtinuousfy varying composition ratios. The synthesis of diverse polymers may Ucewisa 
20 be performed on beads as starting metsrtals. leading to comtnnatoilally lunctionellzad beads. The 
method provides forthe rapid development end generation of large forrnlies of Innovative, semt^lective 
polymer sensor elemsnb for use In chemical sensor arrays from a UnBed number of avaOable monomer 
or oligomer starfir^ materials. By IncresBing the nun^r of unique sef^sor element types in a sensor 
anay, an incra^lng amount of discriminating characteristic sensor resporm Information Is provided for 
25 collection and analysis In ducting analytes of interest By Increa^g the amount of dBOimlnafir^ 
information which is generated by such sensor arrays far prooessng by neural networtcs or other 
computer-based pattem recognSon schemes, ^ debsction capability and sensffivtty of the sensor array 
to a variety of target analytes Is greatiy enhanced. 

The conrtbinatorlal polymer synthesis method for fabricating chemical sensors of the present Invention 
30 fuftfier provides for synthesizing a large fomrly of copolymer sensors that produce more distinctive aiuJ 
characteristic responses to the presence of analytes of srterest than would be ant'ctpated when two or 
more different monomers or oligomers are proportionally comtxned in varying composition ratios and 
copotymerized to produce a new copotyn>er sensor matrix matenal. The response characteristics of 
such combinatorial polymer sensors are thus more unique and distinctive than the mere proportianal 
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eombination of Bteiting monomer or oDBomar materials wouW suflgeat The abfllty to create such 
vartafions to the responses of sensor elements to tainet analytes, from copolymerizafion of two or more 
starting monomere or or^ometB In varybig proportions; represente a potentially powifiJl and usefid 
appraadi fer chemical sensor anay dewelopment and fabrioatibn for rtiamlcal soneii^ of en increasinoly 
S large number of target analytes. 

■ 

Tho polymer sensor of the present Irwontlon can take on a variety of connauraHons for oeneratiiig 
chemical sensor diversity through the combinalorlal polymer synthesis method. In one embodiment, 
predetermined composition raBos of two or more dlsflncl monomers or oigomers are coml>ined and 
polymertzed to form a uniqua copolymer matrtc material usefiil as a polymer sensor element In this 

10 emtXKRment, specific monomer or oligomer composfflon i^tkis produce dscrete copolymer sen^r 
elements which exhibit unique and characterisfic responses for gh/en target analytes. As mora fuDy 
outined below, this can ba done in a vartefty of ways, including polymerizing the mixtures onto <£screte 
sites of a substrate, or onto mfcrospheres distributed onto the substrate, or by polymeriang the mUures 
Mo beads which are disiributed on the sutystrata. In an attemalive embodiment, prepolymer mbduras 

IS of continiKHisly varyir^ ratios of two or nwre monomers or oligomers may be copolymertzed to form a 
continuous copolymer gradient sensor which has a. spatlalhf varying polymer structure, bi tins 
embodment the oonOnuous variation In composrton ratio during potynneiization of two or more distinct 
monomers or oligomers to form o copolymer sensor matrix creates a gradient sensor having a spatially 
varying copolymer stnidure ^ unique anafyte response characteristics wlNch vary according to spatial 

20 location along the copolymer structure gradient With such gradient sensors, each location wthin the 
copolymer gradient provide a uruquely characteristic response to tai^ analytes. With these 
emt>odIment8» kyy utifizing predatarmined varying composition ratios of a relaCvely small group of 
monomers or oligomers and oomtjining them in predetemnined pefmutaHons aruJ oomktlnations of 
prepolymor mbdures for copolymertzatlon in differing proportions, an expansive set of unique 

25 oombnatorial polymer sensors are made avaaatdo in which each sensor exhibits a unique characteristic 
response to a variety of analytes. 

The combtnatoriai polymer sensors and sensor arrays of the present Invenfion may be employed with 
a variety of detection or transduction mechanisms for provtding a charactofisto and dscriminafing 
response to tangfel analytes of Interest SenSOrs of the present invention have utiDly in a variety of 

30 sensing appfications as either dismte sensors or in ser^r arrays where, upon exposure of the 
cojMlymer sensors to analytes, interaction of analytes wUh the sensors ' produces a unique, 
charactsrtsttc, and determinable, tim6-varyir>g, ptiysico chemical response, said response detected t>y 
measuring a property selected from a group consisting of mass, temperature, heat, voltage, current, 
poiarfiy, intensiy, retacfive index, polarcalion. phase, wavelength, frequency, periodlcfty, and dimenaon. 

35 said respoiise being indicative of the presence or absence of certain analytes. 
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By way of example, optica censois and sensor armys of the present Invention may employ charactertsfc 
spectral response signatures, such as variafion in atsoiption, emission, transmission or reflection 
intensities or wavelengths, or, attomativoly, spectral vartaflons in mterferance, polartzation, retractive 
Index, peiiodidty. phase or frequency for Wenlificatlon and detection of analytee, Altematswely, 

5 combinatorial polymer sensor coatngs nrfay be employed with piezoelectric sensors, such as quartz 
ciystelrnknobalanoes, surface acousfcv^<SAVV^^ or bulk acouslio wave (BAW) sensors and sensor 
anays. where such coafings provkte for dfacriminafion and detecHon of analytas due to mass diangoe 
from sorpHon of analytes. In addition, enalytes may be identified and dfeengulshed by employing 
combinatorial copolymer sensors and sensor anays fehrtcatod from dielectric and conductkifl polymere 

1 0 wheie aoiplion of target analytes praduce unique and diaractensSc changes in reaslance, conductaiKe. 
capecdance, voRage or cun^nL Other embodiments inchide combinatorial poh^mer sensors which rely 
on disCfMnafing between temparatuTB chang es or hest generated due to adsorption of target ana^ftes 
with micro-calorimeler sensors, "wn-setective electrochemical sensors which rely on electrochemical 
reaction half^ll voltages or reaction cunente. or measuring dimensional, mechanical or other 

1 5 physicochemical changes In a sensor due to analyte sorption. 

In one embodiment, whare charactersfic op8ca1 response signatures are employed as an analyte 
discrvnirM'ng n«ana, combinatonal polyimer sensors may be coupled with liber opfio arrays, exntafion 
Qght sources and optical detectors. In this embedment ttte sensors and sertsor arrays of the present 
invention are tyy^lty fabricated by iramol»«zJng a copolymer sensor at the end of an optical fiber or a 

20 tBb&f opSc array, compnsed of either a fiber opfic biindle, a prefDrmed, unitary fit>er optic array or imaging 
fiber comprising a pluraEty of individual fibers. In one prefen^ embodiment a dye compound may be 
Incorporated wftNn a copolymer matrbc whi^ is photodepos£ted t)y ptiotoinit^ted ct^tymerizatton of 
two or more dHfererft rnonomers or oRgomers. While sotvalochromic dyes have particular utility in these 
sensor and sensor array embodiments, any Indicator dye may be employed with such sensora to 

25 produce a diaiactelisSc opfical response upon exposure to exdtation ligtit in the presence of an&lytes. 



Where dye compounds are employed In copolymer optical eensore and sensor arrays, solvatochromic 
dyes are particularty useful since these dyes are known to exhibit shite in emission wavelength 
depending on me polarty of the local polymer matrix-analyte environment When solvatochromto dyes 
are employed, an analyte contac^g the copolymer sensor element typically alters the polymer 
30 microenvironmenti generally producing a change in polarity end giving rise to a complex temporal 
change in the fluorescence signal of the aertsorwhen sut^ect to excitdtion Rght energy. The phase, 
Intensily, and stiape of these temporal outputs depend directly on the physfcal and chemical nature of 
the r»rtk»jlar polymer matrix in which the dye entrapped. 

While the copolymer sensois of the present Inventton may be employed as eOher analyt»«pecjfic 
35 ser^ore or as analyte-epedfic sensor elements in a sensor array where spedfio S6n«>r elements are 
utilized for detecting specific analytes, the sen^irs and sensor arrays of the present invention would 
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have partJoiiar ufflHy as semJ^Iecfh* sensor elemente in cfos^eatlive sensor arrays. Sem^selet^ 
sensocs am sensors which interacl a lai^e number of analytea and do not interact exdusivety wHh 
aspedftoanatyte. Such serisofs provide for a broad range of responses tea va^^ That 
rs, analytes can be dotected and/or idaitHBed by a -signatufe- of Individual responses on the sensors. 

5 siinBar to the manner m v^lch -eleclronlc nosesT work. Cross^cBve sensor arrays aro arrays which 
comprise a number of primary sensor elemente which may either be selecttve to spedflc analytos or 
senil^edive to a variety of analytes. Typically, such an^ys comprise a number of individual, broadly 
responsivB sansor elemente which are somteelBcfive. The sensino elemsnts of such arrays can provide 
a spaBaly dSstnlniled, time-varying response to a variety of analytes and ara differentially responsive to 

10 a large number of anafytes. The appfication of semi-selecdive sensor elemente in cross-reattwe sensor 
arrays thus enables uang sensors and sensor materials which may not othenrwfae be useful as analyte 
spectfo sensors In conventianal sensor airaiy applicaflons. The combinatorial polymer synthesfc method 
for fobrrcating copolymer sensors of the present Invention b particularly surtabie for creating 
semi-selective sensors for these sensor applications. By providing new classes and famBies of 

15 copolymer sensors using the comtMnator^l polymer synthesis method of the present invention, 
expanded numbers of unique and diverse chemical sensors are thus provided for in a variety of sensor 
transduction mecMntems so as to Increase the discriminaeng capabilitied of chemical sensors and 
ser^r anays by increasing the diveislty In the charactarlsflc temporal responses of such sensors to a 
variety of analytes. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

* 

' TWs irwenSon Is pointed out wfih paiteularity h the appended claims. Other features and beneffts of the 
invention can be rrtore ctoarty understood with reference to the specificaiion and the accompanying 
drav^^ngs In which: 

Rg, 1 b a schematic diagram of the pholodepo^on system used for fabricating the copolymer sensois 
25 of Examples 1^; 

F(g. 2 is a schematic block diagram of tiie apparatus and inslrumentation used for measuring the optical 
response characteristics of copolymer sensors of the prssont Inventiorv 

Rg. 3 is a fluorescence image of a sensor anray comprising efght discrete PS&OZ^MA copolymer 
sensors of the present Irtvention; 

30 Ftgs. 4a-d compare the temporal fluorescence responses of eight dfecrete PSW)2/MMA copolymer 
sensors w^ varloi^ MMA adcfitione upon exposure to a) b&izene, b) hexane, c) 2-propanol, and d) ethyl 



PAGE 16f5S ' RCVD AT IQIIW 6:33:56 PM [Eastern DayOght fime]' SVR;USPTO'EFXRF-6f24 ' mmm ' CSID:16192350176 * DURATION M:1d-22 



121017 



PCT/USWn9614 

WO 00/13004 

-12- 

5b4> compare a typical fluorescence Wage of a PSa02ff'S801 5 flradiefit copdyroer seneor of 
Ihe presort invention in Fig. wfth a PS901 J5 non-combinatorial polymer sensor in 1=^. 6b; 

Rgs. ea-b compare temporal tluoresoence- responses obsen/ed at consocuft/e points along a 
PS602ff»S901.5 Gradient copoJymer sensor m Rg. 6a with the responses of a PS901.5 
5 noi«ombinatorial potymer sensor In Rg. ^ i*on exposure to benzene; 



F«. 7a-b compare temporal fluorescence responses observed at coi^cufive points along a 
PS802/PS901.5 gradient copolyni^ sensor in Fig. 7a wth the responses of a PS901.5 
nonFComblnatorial polymer sensor m Fig. 7b upon exposure to methanol; 

F^. 8fr4) compare a fluorescence firnage of a PSB02WMA gradient copolymer sensor of the present 
10 invenfion In Fig. da with a PS802 non^ombinatorial polymar sensor in Fig. Ob; 

Figs, ©a-^j compare temporal fluorescence responses observed at consecutive points along a 
P5502/MKAA gradfent copolymer sensor In 9a with the response of a PS802 noncombinatorial 
polymer sensor kt Fig. 9b upon eaqsosure to hexane; 

Figs. lOa-b compare temporaf fluorescence responses obsen/ed at consecutive points along a 
15 PS802/MMA gradient copolymer sensor In Fig. 10a wfth the response of e PS802 non-combinatorial 
polymer sensor in Fig. 10b upon exposure to methanol; 



F^s. 11a-4> compaiB temporal fluorasoence re^onses obsenred at consecutive points along a 
PS802/MMA gradient copolymer sensor In F|g 1 la with the response of a PSa02 non-comhinatoTial 
polymer sensor in Rg. 1 lb upon exposure to benzene; 

20 Fq. 12 Is a dendogram plot comparing the dlssimiarfly in response of discrete copolymer sensors to 
benzene vapor, and 

Fig, 13 is a multidimendonai scaling plot compaiing the cBsalmilarity in responses of 
a gradient copolymer sensors and control sensor. 

DESCRIPTION OF THE PREFERRED EKIBODIMEiyrTS 

25 1 . Combinatorial Synthesis of Copolymer Sensors 

TTte copolymer sensor elements and sensor arrays of the present Invention are ^bricated by thermal 
polym^fzation, photopofymerizalSon, ctystallizatron or precipdation of from a precursor solution, 
compifeino of a mfadure of monomeis or oligomers in varying compositional rafios, to form copolymetB 
haraig dis&>gulstung polymer stnictures. Partioiady useful sen^^r candidates for use In the copolynwr 
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sensor* and sensor anays Of tha pi«ent Invention ora monomers. ongom«r» or prepolymers which, 
When polymartzed. exhibit either charactertefic swelBno rBsponses. charaCteriBtic polaifty drff^renoes. 
Characteristic elecbochamical potential, characteristic electrochemical currante, charactenstiC 
conductance, characteristic soh«tioo effects, charactertelic parfitlon cocffidante. characteristtfc soipfon 

5 properfies or characterishc structural features upon exposure to various analytes due to combinations 
of such materials in unique composition ratios. In solecflng candWate monomers, oligomers, and 
copolymois as sensor materials and evaluating candidates based on desUable swelling, polarity, 
soWafion, partffion and adsorption characteristics, two partknUariy useful rsfterences are: RA, MoGifl, 
at aK. ChemtBCh, September 24, 1996. p 27-37 and J.W. Grate, el al.. AnoL Cheiru 6B:913-7 (1 

1 0 herBbry incorporated by reference. 

The choice of copc^er sensor fancies used to form the sensor array elements in a particular sensor 
array is primarily determined based on the transduction mechanfems to be employed, the analyflcal 
purposes ofthe sensor, and the analytes which are anticipated targets for detection. Features such as 
polymer sensor matrix polarity, dismlcal stnicturo, chemical functionality, surface area, pore dze. 

1 5 swelling charactarisfics, par«3on coefRdenls. solvation properties, or chemical sorption behavior, eKher 
eeparatety or in combination, contribute to the characteristic respoirae stature of a given potymef 
sensortype. In one embodiment, sensor materials wirtil^ are pemieable or semi-penneablo to vapor 
or Iquid analylfis are preferrsd. In another embodiment, sensor matartalsttiat swell upon contact wOh 
vapor or Bqud analytes ans preffenied. In general, monomer, oBgomor and polymer materials whfch 

20 have unique polarity; structure, pore size, surface area, funcflonalBy, analyte partitioning features or 
adsoiplibn charaderteScs are parfculflrty usefiil far copolymer sensor matrices of the present invention. 

The comWnatorial polymer method for fabricating sensors of the present invention can utQtEe 
polymerizable prepolymer mixtures of any monomers or ofigomers that copolymerizo by either 
photDpolymcrtzation or tfiemial polymerization and which are efthor themsehras misdWe or are m'ewblo 

25 in a sotvenL The m^hod provides for a wide cSversity of composffions selected from diverse polymer 
families such as vinyl or olefin polymeis. including free radical polymers or addition polymers, and 
condensation polymars. where any comtilnation or permutafion of two or more d*Btinct monomers or 
oigomeiB may be polymerized to form linear, branched or crossflnked copolymers. By ulBiadng either 
discrete composfflonal ratios or a varying compositional ratio gradient of two or more monomers or 

30 oligomers 11 tiie piepolymor mixture, copofymerized sensor matrices may ba fabricated having unsiue, 
dtetingutshable. and characteristic swelCng behavior, polarity, conductivity, resisthnly, piezoelectric 
properties or chemical adsorption characterisScs upon eMp^ure to analyte, 

A. Monomer or OTtgomer Selection 
A variety of polymer sensor chenrtlstries may be utiized in fabricalir^ a wW diversity of sensor families 
35 according to the metiKxl of the present Invention. As viflU be appreciated by those In the art, wmae 
different sensors below &t sets of si^ble polymers, any of the monomerAjolynfter combinations may 
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beusedforanysensor. Bywsvofoxample, a monomer or oBoonw may 

orthe sroiip of condensation polymers derived from such monomers as alcohote. dialcohols. amines. 

diamines estere, dfesteis, cartxayficackte, dlcarboxyUc adds, diacid chlondas. carbonates, anhydrtde*. 

amides, imWes. benzoxazoles. benzlhEazoles, benzlmktolea, qulnozalines. aromaUc compounds. 
5 including spedfic polymeis such as phenoMbmiaWehydcs. uiwrormaldehydes, melamine. 

formaWehydes. acetyl compounds, lactones, nylon*, or poiyesteis. Atomaflvely. a monomer may be 

selected from any member of the group of step^ype reaction polymara compnsing su!f6nes, etheis, 

phenVlene owde», phonylene a»de ethers, DietenAlder-typa reactants. urethanes and arylenes. 

Mtonomers may aHemalively be setectot from any member of the group of vinyl polymeis compiioing 
10 ethylenes, vinyl chlorides, wyBdene chlorides, tdrafluoroelhylenes. acryionitriles, aoylamidee, 

acrylatfis, methaciyletes. acetates^ styienes, induding derivafeed fityrenes such as methyl styrenes, 

vinyl esters, vinyl pynolMones. butylenes and butadienes^ 

For optical sensors, sensor dements are topically selected leased on dbtingutehahle dUforences in their 
charactertstlc optical response dsnatures when llluminatBd by exdtation light eneixiy In the presence 

15 of a target anatyte, m fabdcaCng polymer sensor arrays, polymer sensor elements are selected wWch 
have characterfefic opBcal response signatures when infiltrated wftb a reporting dye and illuminated 
exK^tion light energy In the presence of a taigel analyte. Thus, preferred opticat sensor materials for 
copolymer sensor arrays are seleded based on both physical and chemical differences In sensor types 
which, w\ comhCnafion Wilh a reporter dye compound, produce a characteristic optical response signature 

20 In the presence of the analyte vrtien illumir^ted by excftalion Ughl energy. 

The followind monomer, polymer and copolymer compodttons and their derivatives are particulaity 
usefiJi as candidate copolymer n^rtals for combinatorial polymer optical sensors of the present 
Invention: polyethylene glycol, polycaprolactone, polyarylamide, metl^ melhaerylate IMMA], 
2-hydro3cyethyl methacrylate. sOoxane, dimethyidlcocane, acriyamlde, melhyleneblsacrylamide [ft/lBAl. 

25 poly (l^butylene) adipate, poly (2,6-cflmethyH,4HP»henyleneowde) poPO), tfiethoxysayi-modlfiBd 
polybutadiene (50% in toluene) (pS07a.5J, diethoxymethytellyl-modifled poTybutedieno in toluene 
pS078,81. acrytotypropylmBthyl- cyctodtoxane pp'szOOTL <90«5^) dimsOiyl-(1&50%) (aciykacypropyl) 
methyteilaxane copolymer pS8Q2|> poly<acfylCBcypropyl-melhyI)siloxane IPS901.51. (97-98%) 
d1methyK2-3%) (methacrylaxypropyOmethylsItoxane copolymer [PSBSI], pQly(acryloniliiIe- 

30 butBdfene.«tyrefte)[ PASS}, poWmettiyl methacrylate), poty(styfene-acrylonltrU6 75.25) pSANL 
acrylocypropytmettiyialoxane-dlmettiyldlaxane copolymer, methytstyrenes, styrenes, aciylic poh^ers^ 
and methyistyrene dnrinyt benzene. 

Copolymer electrical or electronic sensors wWch rely on conductance, Inductarwe or redstance as a 
transduction means for detection of anatytas may also be fabricated by the combMiatorial polymer 
35 synthesis method of ttie present iirventwn. The foaowing monomer, polymer, and copolymer 
composftions and their derivatives would be particularly useful as comhinBtorial polymer candidate 
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mat^ate for eledrtcal conductive. Indudwe cr resfetive copolymer sensors and sensor an^ of the 
present irwention: metenocane^«sed ethytenes, ethylene oxides, aromaite, alkyi or altoxy subsWuted 
aromalica. dinettiyte sikocanes, aBcythtophenes, pyrrolea, thiofrfines, 3-methyl thiophcne, 3,«imelhyl 
Ihiophene. anflines, N^rinyl carbozola, fHjhenyleno vlnylene. ecetyienes. styrenos, p^phenylenas, 
6 ethylenes, pfopytenes, dlenes, vinyl chlorides, carbonates, wnyi acetates, urethanes. butadienes, 
acrylates , methacrylates. chloromethylatBd slyrenas. vinytantmes, and areenic peniafluoride or 
Iodine-doped comWnatDrial polymers compiislng poJyacelylone, poly-p-pheny5ene, polypyrrole and 
polyphenylene sulfide. 

Copolymer ptezoeloctric eensor coatings which have dsfingi^shable analyte sorpfion, solvation and 

1 0 parOon coefidenl effecb may also be febrtcated by the combinatorial polymer synlhesfe method of the 
present Invention. For example, thin films of the following monomer, polymer, and copolymer 
compoBliona and their derivatives are particularty usefUl as combinatorial polymer synthesis candldato 
coatinos for piezoelectric substrates In plezoelectric4;«aed sensor arrays of the present Invention: 
polyimides, polycartionates, phthalocyanines. styreno-butadiBno-styrBne copolymers^ cydophanos, 

15 phthalocyanines, thiols, sflanes. Bpids, nudeic ackte, enzymes, antibodies, triethanolamlne, qoadrol. 
ethyler»e dInitrolatraethanoK ascorbkj ackl, capiscum. L-glutamic acid, pyridowne, triphenylamlne, 
memyHrioc^phosphonUim dimethyl phosphate, gUit^hione, MAD. ethylene maleate. tiielhanolantfne. 
vinyl stearalfia. collodon, biitaritene-aavtonWes, Rwiyl phenol, hydroxy temunated polybutadene. vinyl 
bobutyl ethers, polyvinyl chioTides. caprolactones. caproladone trtols, butadiene methaciylatB, methyl 

20 methacfylales, pdy^yranas, ethylene glycol methyl ether, vmyl carbozoles. abiefic acid, octadecyl vinyl 
ether / maleic anhydride, polyethylenes, ethylcellulose. fUjoropolyols. sfloxanes, ailcylaminopyrWyl- 
sutjslftuted potysikKxanes, poly(4^nyl hexafluorooumyl alcohoQ. hBxafluor-2-propano^suhsfitutBd 
polysBoxanes. polyepichlorohydrin. potybte(cyanoprop^alo)ianes. polyvinyl tetradecanals, 
polyteobutylenes, poly(trifluorpropyl)mefhylslloxane3. polyethytene maleates. polyvinyl propionates, 

25 polyethyl enimines, potyphenyl ethers, docosanol, dialycorols, pofydlphenoxyphosphazenes. 
dlethylenealycol adipate, polycNoroprenes, acfylontrile butadienes, apiezon L, btscyanoallyl 
polysilaxane. polyepichlorohydftn. pheynlmethyldlphenytsilocone, vinyl-modHied 
tiffluoropropylmeftyWIteonG, tributoxyethyl phosphate, poly(heo<yl aiylate), polyC2-hydroxyethyI arylote), 
1^4-ethyt o,p4oluene sulfonamide, and phenyl ethers. 

30 Copolymer sensors wWch demonstrate affinity for specific carbohydrates or sugars due to eaher 
hydrogen bondkig or boron bonding, via ester bonds, to sugar molecules are also fabricated by the 
combinatorial polymer synthests method of the present Invonfion. In one embodknent. such sensors 
are produced by incorporating a number of different boronic adds, for example anthrylboronic acM or 
phenylboronic ackl, in varying ratios into a polymer or rea'c&ng various t>oronic adds with a polymer, 

35 thereby enabling the synthesis of copotymers having unique affinifiea for selectively trindhg specific 
sugars and cart>ohydrates. 
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Sen^ iTi«te from the fonowing hydropWDo monom«r. oligomer, and prepolymer composBions and 
their dertymftres are particularly useful as comUnatDrial poiymBrsyrrthaais caiuSdate wnsor mateitals 
for sugars and carbohydrates in copolymer wnsor arrays of ttie present Inwenfion: boionio eitore. 
anthrylboronlc adds. anthrylpolyamUies. polyethytene fllycob, polyateohob. polyvinyl alcohois, 
5 polyethera. polyathytene addes. polyestere, poV HEMA. potyelhytone teieptfialBto. polyamidw. 
polyaciytamldes. nylons, polycarboxyfie adds, polyacryfc add. or polymaleio add. 

Sensors made from oopolyniejs of these compounds rely on affinity of sugars or carbohydrates for 
^er hydrogen bonding or boron bondinfl ^NlBl the copolymer. For copolymer sensore which rely on 
hydrogen bondlna. the presence «rf ds^iydroiKyl groups are peifloilarly useftil. Carbohydrate and sugar 
1 0 sensor* may be employed in sensor an^ which rely on delecBng changes In mass due to analyte 
adsorption of. when comHnad with fluorescent dyes, Bi^ maiy be used In opfical sensor arrays for 
datedhadiaractBrtslicopfic response signatures In response to analytes. Partksularty useful eandWate 
dye nwtBiBis Include fluorescent indicators wWch may be eBher lncorpoi«ted Into or conjugated With 
the copolymer sensor as discussed below. 

1 5 Copolymer $«n»oi9 which damonstrate affinity for spedfic metal Ions or Ion salts dus loiv-eopolymer 
complex formafion mey also bo fetaricated by the comWnatDrial polymer synthesis method of the present 
Invenlron- Charged Ions having drfferent affinitiBs for metal ions and Ion sate are comtoed wlh 
copolymers In varying comtalnatiarw and ratios to generate unlquo sensor mateiials having unique 
affinlfies, tslndiiB properties and unique responso charsctertsece to analytes. Copolymer sensors made 

20 from the following hydrophmc monomer, oligomer, and prepolymer compositiona and ther derNaBves 
would be particularly useful as candidate comtxnatonal polymer synthesis sensore for metal ions and 
Ion salts In copolymer sensor arrays of the present hveittion: polyethylene glycols, polyalcohols, 
polyvinyl alcohols,' poty^hers, polyethylene oiddes^polyestBfs, poly HEMA, polyethylene terepthalate. 
polyamkles, polyacrylamides, nylons, pofycartjaxylic adds, polyacrylic add, or polymaleic add. 

25 The afflr^ of candrdata copolymer sensors for metal ions and ion salts may be modified by oilher 
nsgath/elyucharged Qgands. such as carboarylte ackis, sulfonic adds, ph<«phates and phoaphonates. 
which attract metals or posftlvety charged Ions, or positively charged llgands, such as totra 
alkylammonlum and p#iosphDnium sails, vytfiich altiact ion salfeor negeUvely charged Ions. Such Bgancte 
may tuilher modify the affinity of copolymer sensors by changes In Ion coordination, charge repulsion, 

30 or steric effects. These ion sensors may t>e employed In sensor arrays which either rely on detecting 
charges in mass due to analyte adsorption, or, when combined with fluorescent dyes in optical sensor 
amays. detecBng characteristic opiSc response ^gnatures in response to analytes, or, in eledrochemteal 
ser^r arrays, detecting characterlste potential, current or conductance ranges. Parflcularly iraeful 
carKfldate dye materials Include metallochromic Indicators, such azo arKl triphenylmethano dyes, and 

35 fluorescent Indicators which n^y be Incorporated Into conjugated with the copotynner sensor as 
(fecussed below. 
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CopolyrT«r sensors wWch demonstrate characteifelic hyd«)pWllc or hydrophobic properties ere also 
fahricated bylha combinatDnal polymer syirthesb method of the presBivt SnvanBon for detecting aitalylae 
t^ paretionmg of target enaJytes between the copolymer ai^d a fluid sample medium. With such 
sensors, a hydrophobic anelyte would demonstrate affinity for a hydrophobic copolymer sensor in a 

5 hydiophicfkiid medhim and hydrophilfc analyta vmuld demonstTBte affinity for a hydrophUlc copolymer 
sensor In a hydrophobic fluid medium. Attemaflvety, a hydrophoUe copolymer repels a hydropNTic 
analyte and a hydropWlic copolymer repels a hydrophobic arvalyte. The relative affinity or repulsion of 
an an^ tor a copolymer sensor leads to parCtionhiB of the analyta between the copolymsr and flidd 
medium and this charactertete may be employed for delorfng an analyte in a fluM due to a 

10 chaiBctertsac physical, electrical, optical or chemical response ofthe sensor to the parlWonod anatyte. 
These analyte-partitiortng copolymer sensors may be employed in sensor arrays which either rety on 
detecting changes in mass due to anatyte adsorption from parWorung. or, when combined with 
fluorescent dyes In optical sensor arrays, detsdino characterisBo optic response signatures In response 
to parfltioned analytes, or, in electrochemical sei^r arrays, detecting characterfetic potential, current 

15 or oonductancs changes due to partitioned anatytes. 

By way of example, copolymer sensors made from hydrophOic monomer, oligomer, and prepolymer 
composfons end ther derJratives are particularty usefiil bs com Wnatorial polymer synthesis candSdota 
sensors for hydrophlic snalytes such as metals. sugan», amino acids, amines, and caitooxytic acids. 
Hydrophilic copolymer sensors made from the fcdiowing hydropMlic monomer, oligomer, and 
20 prepolymer composffions and their derivatlvBs ere thus particularty useful as candidate sensors whld» 
r^ on parftion&ig approaches: anthiylpolyamines, polyethylene glycols, polyalcohols, polyvinyl 
alcohols, polyethers, polyethylene omdes, polyesters, poly HHVlA. polyethylene terepthalate. 
polyamides, polyacrylamktes, nylons, polyc^rboxylic adds, polyacrylic add, or pohrmaleic acid. 

Alternatively, copolymer sensors made from hydrophobic monomer^ oligomer, and prepolymer 
25 compootions and thtir derivatives are particulerly useful as combinatorial polymer synthesfe candidate 
serfiois for hydrophobic analytes wch as organic vapors or Piqitids. eUcanes, alkenes, alicynes, alcohoISi 
epooddes, polynudear aronnatic hydrocarbons (PAHs), polychlorobiphenyls (PCBs) and olher 
hydrocart)Ons. Hydrophobic copolymer sensors made from tiydropholjlc monomer, oligomer, and 
prepolymer compositions and their dertvatives containing the foUovidng functional groups are thus 
30 particularty usefUl as candidate sensors which rely on parffflontng approaches: alkanes, atkeites, 
alkynes, alcohols, epoxides, aromatfcs, and polycycOc eromatics. 

Additianallyj copolymer sensors whose characterisec polymer structure creates staHc onnpediments to 
an^yte adsorption pruvUe far partitiorung of anatytes due to size exclusion effects. By varying ratios of 
monomers or oBgomers to crosslinkers In a prep^ymer mixture, a diverse range of steric effects are 
35 introduced in a copolymer which provides for partitioning of analytes due to molecular size. By way of 
example, copolymer sensois b^ed on poly HEfc^ polyaciylamidss, as used h electrophoresis gels. 
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and celMiise acalstes. as employ^ m dialysis membranes, are pBrtcularly useful oRgomer candidates 
for copolymer sensors of the prcsert Invenfcn^^ere anatytes are detected by size partflionins erf taiget 
analytes between the copolymer serwor and a fluid sample medium. For vapor sensing, polystyrene 
w3h varying amaunts of diwinylbenrono may be employed to pmvlde size exclusion of vapor anolytss. 

5 Examples of crossJInkeis which are particularty usefiJl fiar such copolymer sensors indude ethylene 
glycol dimemacfylate (EGDIuW^ for poly HBMAa. metJ^lene blsacrylamide wfth polyacrylamWes. and 
dhfkiylbenzene for po^stryiene. Such sensors are parecutorly usefiil for delecflr^ target analytes ouch 
as vapors, macromolecules or oKgonudeoedes such as proteins and DNA. With such copolymer 
sensors, the reiatto see of target analytea prowdes for paitaonlng of analytes between the copotymar 

10 and fluid medium and this characteristic is employed for detecting such analytes in a fluid due to a 
charadensSc phyacal. electrical, o^^cal or chemical response of the sensorto the partitioned analyte. 
These analytei>artitioning copolymer, sensors are employed In sensor arrays which either rely oh 
detecting changes In mass due to analyte adsorption ^m partBioning, or. v*hen combined virlth 
fluDiescontdyes in optical sensor airaiyB;, detecting characteristic optic response signatures In response 

15 to partBoned analytes, or, in electrochemical sensor arrays, deteclmg chsrecteristic potent'al, current 
or conductance changes due to partitioned analytes. 

ParlSculerly useful candidate dye materials for efther hydrophilic, hydrophobic or steric analyte- 
pqrtitior^g copolymer sensors discussed above include, tor hydrophilic sen^ng environipents, 
metaDochramic indicators, such as azo and trlphenylmethane dyes, and fluorescent rndlcatora whkh 
20 may be incorporated into or conji^ated wlh copolymer sensors as dfecussed below. Particularty useftil 
candidate dye matBrials for such analyte-parfitioning copolymer sensors in hydrophobic sensing 
enviTonmente Include sotvatochromic dyes. 

Other polymers and copolymers having distinguishable. and characterisGc swelling behavior, polaiity, 
conductivity, leastivity. piezoelectric properties or chenftical adsorptfon characteiSaflcs are Ulcely 
25 candidate materials. Additional sensor matrix cancSdate materials include copolymers of the 
compounds listed in Table 7. Table 8 end Table 10 of U.S. Patent 5,512,490 to Walt, et al., whkA '& 
incorporated herein by reference. 



In one attemaSve embodiment, the physbal and chemical properfles of copolymer sensor materials are 
further modified by the addition of plasHdzers, Including, but net limitBd tp. tritolyl phosphate (TTP), 
30 triphenyl phosphate OTP) or cfibutyl phtiudate (DBP). In another ajtemativo embodiment, copolymer 
sensor materials may be further modified by attaching a desirable chemical functional group to the 
sensor surges or applying either a surfoce treatment or coating to modify the chara^ristlc sensor 
response to analytes. 

* 

Where the addition of a particular chemi<^ functionality to a copolymer sensor Is dedrable, examples 
35 of surface chan^tties which may be attached to sensor surfaces are amines, cari^oxyllc adcfe. 
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aWehydes, aliphatfc amines. amW«. chloromethyl. hydiazide, hydraxyl. sulfate, sulfonate, aromatic and 
aromatic amine groups. Additional chemical funcfionaUty has been utilized with polymar sensors to 
pmduce sensor spedfidty for certain taiget anaWes or to provide for a characteristic opBcal response 
to target analytes. Such functlonalRies include t>asic Indicator chemetry sensors, enzyme-based 
5 seniors, immiino^msed sensors and gene-sensors. Escamples of such useful ftincfionaBties may be 
found In U.S. Patent Application Serifll No, QM5U03 to Walt et al., filed on May 5. 1697, which Is 
Incorporated herein by reference. 

B. PolymerizaBon and Initiators 
In fabrteafing copolymer senrors of the present Invention, pofymerizatian of prepdymer mixtures of 
10 desired monomer comblnalions nrwy be achieved by'thennal polymailzafion. condensation 
polymerization. photoinftiatBd potymertzation. or either crystainzatton or preciptation from solution 
followed kyy annealing. 

TliBrmal polymerization may be utilized either vwlh or vvithout the addition of.an Initiator. In one 
embodiment, ntiators may be emf»loyed to control the rate of thermal polymorraiion. Since it is often 

15 deslrabio to cany out oopolymeitzafion of monomer mixtures at low temperature to prevent side 
reactions, the selection of thermal WBators is generally re^ricted to orgario peroiddes, such es dialkyi 
peraaddes or diacylperoddes, organic hydroperoxides^ azo compounds, such as azohisisobutyronitrile. 
and organometallic reagents, such as stiver tfkyls. AttemaSvehTi thermal Initiation may be accomplished 
reddx agents, for example, in aqueous sohitions, a persulfete salt used In combination with a bisulfite 

20 ion tadudng agent may form an lntemie(fiate sulfote radk:al bn and ^t>sequent hydroxyl radical inr^tor. 
Similar redox reaction initiators nray be used by combination of aUcyl hydroperoxides and a reducing 
agent such as ferrous Ion. Addfflonalty. some monomers, such as.styrenes, undergo ftee-radicHi 
polymsrization when rieated or exposed to ezcBaton PtglU energy. Alternatively, anionic or cationic 

m 

polymeiization catalysts may also be employed. 

25 In one embodiment comUnoterial polymer synthes^ (3 accompUshed by way of condensation 
polymerization. With this method, no irutiaior b raqulred and polymerization occurs by way of droct 
reaction of desrod monomers efther in the presence or absence of a catalyst to stabiTae a metastable 
rntBTTTfediate. 

* 

In one preferred embodiment photnlnltialed polymerizaSon ts utilized. One advantage of 
30 photopolymeiizalion is that It offers grsater ruction control tiian thermal polymerfzation and enatiles 
spafal control of local polymerization raacfions which can be restricted to regions illuminated by directed 
light energy. Photopoiymertzafion may b& conducted eitiier with or witiiout a specific photosensor 
initiator compound. For example, in ttie absence of a spedfic photosensHizer, nrany candidate 
monomer materials that can undergo chain reaction polymeilzHtion are susceptible to 
35 photopolymerizaCon since the absorption of liflht prciluces free radicals or ions. Examples of such 
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compounds a.^ unsatui^ monomers fnoUiding. but not Unrtited to, vinyl alkyi ketonas. vinyl bri>inides. 
styrene and dertvalives, methyl methacrylate and feobutytene. 

In one attemath/e ombodiment a phtrtosenrifizDr must ba added to the prapolymer mfeduiB of 
rfKmomeisfbrphotopnlymerizato photosensftizere are compounds that absoTt> light 

5 ki a dasired of the spectrum, typtally u toavtolel or viatolD Ight and aiibsequentty dissocJata Into 
frB9 racScals or transfer absorbed eheroy diraclly to a monomer. Whfle some thermal inffiatore. auch 
aa azo compounds and peroddes are also photoaensitizbre, many alternative mmatora are used as 
photDsendtizBra even though they do nol-diasociate themrwilly at useful temperatures. ExampleB of 
paificuMy usetui photoswiafirera are carbonyl compounds, such as acetone, biacetyl benzophenone 

1 0 benzoin, or o-chtoroac«tone. condensed ring aromatics. such as arthraoena, peroiddes. such as t*utyi 
peroxide or hydrogen pemidde. organic sulfides, such as diphenyl <fisuffide or dibenzoyi cGsulfide, azo 
compounds, such as azolsopropane, azobisisobutyronttiile or arytdiazonium salts, halogen-containing 
compounds, such as chlorine, chloroform, carbon tetrachloride, bromotrlchloromethane. bromofbrm 
or bromine, metal corbonyls. such as manganese pentcarbonyl and carbon tetrachloride or rhenium 

15 perttacarbonyl and carbon tetrachloride, and hoigaruc ions, such as FeOH*' or FeCI^. In one preferTed 
embodiment benzoin ethyl ether faiHfator was utQized. 

C. Dye Selection 

For optical sensoi^ which rely on Uht absorption and emission, the seiedion of chemical dye Indtcatora 
0 also important to the design and pwfbrmance of the combinatorial copoiynier sensors and sensor 

20 armys of the present invenflon. An important characteristic of candidate dye matarfels for optical sensor 
elements Is that they can be readity Incorporarted iitto copolymer sensor matrices and that, once 
incorpomtad Into a copolymer matiic, their opiieal response characteristics are modified by the locaized 
polymer micyoemrfronment In one embocfiment, at least one dye is incorporated into the copolymer 
sensor matrix by way of entrapment In an allemative embodiment, two or more dyes may be 

25 tacorporated into the copolymer sensor matrw and peak intensity ratio for the dye pair may be used for 
proukftig a diaracteristicopBcal response signature for target anatytes. In an attemative embodiment, 
corrugated dyes, such as actyloyi fluorescein and others, may be utiOzed where ft is desirable to 
fficorporate the dye dredly into the copolymer sensor material way of covalent bonding. Parficularly 
useful referonces for sdTOton of candidate dyes such as n^etatlochromlc indicators. Including azo and 

30 b^nyimeftane dyes, and fluorescentindicatdrB, which may be efther incorporated or conjugated with 
copolymer sensors of tiie present invention, is Indtcatora [E, Bishop (ed.>. Peigamon Press (New York 
13725], end the 6m Edition of Molecular Probes Handboolt by Richard P. Hauflland, both of which are 
incorporated herdn by reference. 

While the reporter dye may be either a chromophore-type or a fluorophore^ype, a flwrescent dye Is 
35 prefaced because the strength of the fluorescent s«nal typcally provides a better s^naWo-noise ratio 
and improves detection of tafget analytes. In the most prefen-ed embodiment polarits^serrcitive dyes 
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or soh^tochmmlc dyes ar^ utilfeed. Sohratochromic dyes are dyas who^ absorption or em^ 
spectiB are sensitiva to and alters by the polarfty of their surrounding environmenL TVpicaWy, these 
dyea «<hUAa shift m peak emteaton wavelength due to a change in local polarity. Polarfty changas 
whidi causa such wavelength shi«s «^ be Wrodudad by the copolymettzed matftc used for a particular 

5 sensor famity, bylhe presence of a targetanalyle, orby the combinaton of the copotymer mat* and 
analyta inteindion with the dye. The change in pojarily crcates a characteifetic optical response 
signature which ks useftd for datedino spedfe target anatytas. One preferred aotvalochromhs dye Is Nile 
Red, avaneble frw Eastman Kodak (Rochester, NY). Nile Red exhibits large shUts ki ite emission 
^angth peakwilh charges in the local enwonmentpoterSy. Inaddllion. Nile Red Is soluble in a wUa 

10 range of solvento. Is pholochemfcally stable, and has a relatlveV stmng fluorescence peak. 
Afterrmltely, other sohratochmmfedyes arch as Prodan. 6^)roptonyK2-(N.rWirr»ethylerTuno)naplhaIaTie, 
or Acryiodan. 6-acfyloyl(dimethylamlno)napthalene. avaflable from htolecular Probes (Eugene, OR), 
may be employed. Addftkinal dyes wWch are conventtonalJy known m the art and may be used as dye$ 
■1 the present invention are those found ki US, Patent 5^1 2.490 to Walt, et al.. of which Table 3, Table 

15 4, T^We 5. Table 6 and TaWe 1 1 are incorporated herein by reference^ 

Diverse ferrafies and types of opflcal sensor elements may be fabricated as sensors and sensor aitays 
of the present bwcntton by incorporating reporter dyes, such as melallochromic indicators, fluorescent 
ndic^bdis, or solvatochromk: dyoa. wthin various copolymer matrices of varying monomer compoeWons. 
By hKorporating such dyes in sensor elements rrtade trom different copolymer matrices of varying 
20 polar^, hydrophobidly, pore size, flewbiBty and swelling tendency, urtfque sensors are produced that 
react differently with molecules of Intflvidual analytes. giving rise to distinguishable and characteriste 
fluorescence responses when exposed to target analytas. 

D. Sertsor Conf^uratton 

The sensors of the pi^ent invention can be configured in a variety of ways, including, but not Gmked to, 
25 polymerfeaflon of the copolymer sensors direcWy on a substrate, polymerization of the copolymer 
seizors onto the surface of prAsrospheres, and potymeiization off the copolymer sensois Into 
microspheres: the latter two embodiments then distribute the microspheres on the substrate. 

In a prefen^d embodknont the combinatorial copolymer sensors are polymeitzed directiy onto discrete 
sites on a substrate. By **discrBlo cites" is meant indivkluai ^tas or lod on a substrate. The sites may 

30 t»e a pattern, l,e. a regular design or conflgunofion, or randomly cfi^trfbuted. A preferred embodiment 
uflizes a regular pattern of sites such thatthe sites may be addressed in the )CrY coordinate plane. A 
pattern In tiv&«ense includes a repeating unit ceW. preferably one that aPows a high density of sites on 
the substrate. However, it shoukl be noted that these ^tes may not be (fiscrele sites. That b. It b 
possible to use a un^mi surface of adheave or chemical fenctionaraies, fer example, that allows the 

35 asscdafion of copolymers, or Jn the case ¥fhere mksrospheres are used, for association of the beads 
at any posifion. That is, the surface of the substrate is modified to allow association of the copolymers 
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L Thus. «««uriaco of the sub«h»tB may be modifled such that dbcrate ,ftes are '»nn^*«^^" 
only have a sinflle a^otated copolymer, or altemalh«hr. the «lrti.ce of tho substrate is modified and 
copoly mois may go dowm anywihom. but they end up at discreto eiws. 

5 Byaibstrate-or^Bdsupport-orothergrammalical equKmlerrts herein b meant any material that can 
be modifiod to contain discrete Imfcndual site«. In a prefeired Bmb«r™ntsuch sites are approprtate 
tor the anaciiment or associalion of head*. The substrate ateo Is amenable to at least one detection 
method. AS «nl be appreciated by those in the art. the number of possible substrates is veiy laaie. 
Pos^le substrates include, but are not limtted to. glass and modilied orfundionafeed glass, plasties 

10 Oncludina acryncs, polystyrene and copolymers of styiene and other materials, polypiopylone, 
polyethylene, polybulyiene. polyurelhane*. Teflon, etc), polysacehaiides, nylon or nitrocellulose, 
resins, sflica or sUIca-based materials Including sffloon and modified siDcon, carbon, m^ls, inoiganic 
glasses. plasUcs. optical fiber bundles, and a varied of other polymeia. Also, metals, ceramics, 
graphites, semicondudore. and composites fabricated from such materials are useful as substrates. In 

15 general, the substrates aUow optical detecb'on and do not themsBlwesappredably fluoresce. 

Such subsirate iraterials may be preconditioned or tunctiorvalized using convenfiDnally known surface 
treatments so as to mprove sensor adheaon or to Immobilize sonsois on the substrate. The ulthnato 
choice of a preferred substrate material depends on the actual sensor format and transduction 
mechai^ as wefl as the targeted sensing environment and appTIcafion. 

20 For electrical sensors, suftable substrates include conventional <fielec(ric magnetic, conductino. and 
semtconducting materials as well as electrical components such as electrodes, capadtnrs. reastois, 
diodes and transistors. For rmss senaSive sensors, potential substatas include any piezoelectric 
materials or devices such as quartz crystal microbatances, mlcrocantilevera, and surface acoustic wave 
devices. For surface plasmon resonance sensors, potential sut^trates include thin reflecfive surface 

25 films comprised of gold, slvor. chrome, itfckal or any ottier Wghly letlocfive material. For optical sensors, 
transparent, opaque or reflective substrates may be employed depending on the orientation of the 
sensor retaBve to the anatyte medium and IncideTit excftatlon l^ht source, and detection means. In one 
preferred embodiment an indi^Alual liber opHc strand or a flier optic array. oompr»ns cfther a tiber 
optic bundle, or preformed, unitary fiber optic array, or an knaging fiber, comprised of a i^uraGly of 

3D indhndual fibers, may be iteed as an optical sensor substrate where the excitation Dght and optical 
rsspoi^ of the sensor are conveyed to and from sensofs wWch are immobfflzed on one end of the fiber 
strand or fiber array. 

Aiscordingly. a preferrfed embodimeitt ufilizBS fiber optic sensors. TWs ts partollarfy useful when 
photpInfHafion is done. As one of ordinary skffl In the ait appfeclatas. when using fiber optic bundles, ^ght 
35 transn*ted throi^h individual fibers where ft contacte the copolymer thereby Inltiatii^ polymertzafion. 
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From one tD »U of the incfividual fibers of a fiber opfic bundle aro aitimlnated. In an altemaft« 
embodiment only a subset of fibeis are illuminated. 

* « 

In a prefBired embodkitent. the sensors of tha InwenKon comprisB microspheres. By •mtaosphoies' 
or -beatte- or "paifides" or grammHtical equivalente herein is meant small diGcrBte larfcleB. ThB 

5 oonvioEiSon of ttie beads wBlvaiy, depending «i the eatiBgilialkin of the array and the copoiymere used, 
asmn asthe method of s/ntheeis. SuBabte bead composifions Include those used in popCda. nudete 
add and orBanic moiety synthesis. Indudlna but not IlmBod to. plasfics. ceramics, glass, polystyrane, 
methyt6tyr«tie. acrync polymere. paramagnetic materials, thoria sol. carbon graphite, ftanium diai»d9, 
latex or cniss^ked <lejrtrans such as Sepharose, canutose. nylon, crosB^nked nucellas and Teflon 

10 may an be used. -Miaosphere DetecBm G«*3fe-ftom Bangs Laboratories, Fbhers IN Is a helpful guide. 

■ 

Th© beads need not be spherical; inedular partidea may ba u&ed. In addftion. the beads may be 
porous. ftusinCTeaslng the surfece area of the bead available f^r exposure to the target analyte or for 
either btoac&ve agant attachment or IBL attachment IhB bead *es ranflO from nanometers, le. 1Q0 
nm, to nffllmfltere. i.e. 1 mm, with beads from about 02 micron to about 200 mfcrone being prefenod, 
1 5 and from about 0,5 to about 5 micron being parlicularty prefenBd, although in some embodmente 
smaller beads may t>e uaed. 

It should be notpd that a key component of Iha invenGon is the use cf a sute^tc/bead palrir^ th^ 
alkiMs the oGsoctation or attachment of ttio beads St discrete sites on the surface of the substrate, such 
that the tweeds do rwt move during the course of the assay. 

20 In a preferred embodiment the copolymers are polymerized onto the surface of the beads. Thfe may 
be desirable to Increase the surfiace area, parlicularty when porous beads are used. Accordingly, each 
bead Is contacted with a different comtacnaljon of copolymers which are then polymerized onto ttie 
surface of the bead. This results In the fbnnatton of a population of heteregenous bead sensors, 
AHanrtA^. each bead is contacted ¥vfth the same comblnaljon of copolymers wWch are polymerized 

25 to create a homogenous population of t>ead sensors. 

In a preferred emlwdiment, the copolymers are polymerized into beads that are then distributed on a 
auifece- For exampls. any of the copolymer combanations are used to fabricate beads in accordance 
with metttods known to those of ordinary skill in the art 

E. Substrate SalflCtion 

30 The combinatorial copolymer sensors of the present invenfion may be deployed on wtusOy any solid 
substrate n^rial as either discrete indivkiudi sensors or as a plurality of sensor elements In a sensor 
array. Subable substrate materials include, but are not necessarily limitBd to metals. CCTamkss. glasses, 
plastics, polymers, graphites, semksonductois, and composftes fabricated frtm such matarfetS- Such 
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sLitefrBte matDTfafeara precondilioned or fundicnalizBd i«ng convairtionany known surfece treatments 
so astD improve sensor adhesion or to ImmMY^ sensors on the substrate. The uIBmate choice of a 
pmfened substrate matena! depencfc on the actual sensor fbmiat and transduction mechamsm as 
as the targeted sensing environment and application. 

5 For Glertrical sensors, suitahle substrates include conven&mal dialectrte, magnetic, conducttng, and 
semiconducHng mateilate as well as electrical components such as slecHodes, capacitors, resistore. 
diodes and transistors. For mass sansffiva sensois. potential substrates Induds any piazoelectrio 
materials or devices such as quartz crystal mlciobalances. mcrocantflevars. and surface acoustic wave 
devtees. For surface plasmon resonance sensors, potential substralea Include thin refledh/e surfeco 

1 0 films comprised of gold, saver, chrome, nickel or any Other highly reflective material. For opiicat sensore. 
transparent opaque or reflecrthre substrates are employed depending on the orterrtation of the sensor 
relath/e to the analyte medium and Incident excilation fight source, and detecdon means, m one 
preferred ambodimBrtt an individual fiber optte strand or a fSjer optic array, comprising either a «ber 
optic bundle, or prefonned. unitary fiber optic array, or an imaging fiber, comprteed of a plurality of 

15 Individual flbeis, may be used as an optical sensor substrate where ttie exdtafion Ught and opfical 
response of the sensor are corweyed to and from sensors wWch are Bnmohirized on one end of the fiber 
strand orfit>er anray. 

2. Sensor and Sensor Array Fabrication 

A. Dtecrete Copolymer Sensors 

20 For fabrica&)n of sensor arrays compriang a selection of discrete copolymer sensors fonned by the 
method of the present invention, least two or more monomers or prepolymers are employed at 
pr^s^eded monomer or prepotymer ratios so as to provide a broad range of monomer or prepoiymer 
composttiona. In one embodiment, an (B0^%) dimethyl 5-20%)(aciyloxypropyl)methytefloiiane 
copolymer, commonly known as PSBOa and available from Gelest Inc. (Tullytov^fn, P/^, and methyl 

25 mcthaoylate, commonly known as MMA and avaDable from AkJrIch (Milwaukee, Wl) vrore selected as 
example monomers for copolymertzaflon. Typically, separate solirttoos of monomer or prepoiymer 
mixtures a*B prepared fepresenting e range of monomer or prepoiymer compositSon rafoa. In one 
embodknent, tte range of at least one monomer or prepoiymer oomposiBan varies from between O to 
1tX)% oftlie monomer. In an altemafive embodiment, at least one composition ranges from t»etween 

30 0 to 50%. In aftemaflve emlwdlments. at lea^ one composition ranges from between 0 to 25%. Other, 
more narrow, cor np o a itton rar^es may a!so t>e employed. 

Tha monomer or prepoiymer nurtures are copotymerized on any cuitdble substrate (or into beads) by 
either a photoinWated polymarfzafion or a conventional thermal polymerlzB&on method. With either 
method, an InWator solutkin and dye solution are addedto the prepolynr^ or monomer mnture eSher 
35 prior to, during or after polymertzatwn for the purpose of minimizing exposure and controlling reacCon 
wHh the Inffiator. In a preferred cmliodiment. a solvatochromic dye » utilzod. In one preferred 



# 
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. » -.^^i -fci».«f«™fctiiead^ihBdvesoliilionan«l-asolufion of benzoin 

embodhienl. a sohiBon of Nile Red in chtororonn is usea w me ayo duiuuvh 

ethyl ether In toluene Is used as b phote»naialor. 

In one preferred embodiment, eech of the monomer mMu«KJye4niBator solutions i» individually 
photopolymerized and photodeposHed onto fte end 6f a preformed fiber opfc array or hn^ Hber. 

5 in this embodiment, a dfalal end of the fiber is either immersed diredly In a prepolymer aoluhon or. 
eRemaOvely. a polymerizalton soluHbn is eppQed to a dtetd end of the fiber. Udng conventional opGcal 
tram components, a eeriea of pinholes, lenses and objectives focuses an ultrawiolel llghl beam on 
preselected fiber end faces of the fiber array. The Ight is transmitted down the length of the Indhidual 
tibeia and exils at the dislal end feces of the fibers at the predateimkred fiber locations in the array. The 

10 photopolymenzafion of bidiwkial prepolymer monomer niMures is thereby inffiated at desSgnated 
regions across the distal end surlteceofthe flier array. In tWs manner, the photodeposlBon method and 
system desalbed herein prewWes far the formaflon of a pluraH^ of disoretB sensor elements end sensinfl 
regions across the distal end surfece of the fiber array. 

• * 

Typica^)ly. !ho sao of the photopol^erized deposit may ba qwrtrolied by the polymerlzatian readion time 
15 and potymertzafion rate. The reacfion rate is influenced by polymeriraticn liflM Intensity, concentrafions 
of photsrinftjator and monomBrs and dioioe of Initiator and monomer composffion. Tbe size of 
photedeposits can be controlled over a diameter range from several microns, covering the end of an 
Individual fiier-strand in the fiber optic array, to over 100 microne, covermg adjacent mutHpte fiber 
stranda. In one embodiment, each of the prepolymer monomer mbrture solutions was polymertzod ft>r 
20 5 secontfe. resulting in approximately 45MiTv<Jlameter polymer hemispheres or cones attached to the 
distal end of a fiber optic array. Mulfiple deposita of each monomer combination n^re may be 
polymerized at various fiber locations in the fiber optic array. By tomiij^ multiple deposits of each 
monomer combinalion. a sensor array havir^ a unique arrangement of sensing elements is thereby 
produced. 

25 Copolymer Gradient Sensors 

VUim the copolymer gmdient sensors and gradient sensor arrays of the present Invention, the elements 

of the sensor array are no longer (fiscretB ndivEdual polymer depos^. but rather U3er-<lefvied. 

r^ions-oWntere^ (ROI), outlining specific portions of the gradient polymer deposit to be moi^red. 

Following the collac^n of a sequence of Ruorescence Image frames with a CCD camera, one can use 
30 standanJ drawing tools included In commerdal image processing software packages to either manuatty 

or automatically select areas of the gradient sensor vnages from wHch to measure fluorescence. 

Examples of such prfr«elscted areas are shown In F^s. 5a-b and Figs. 8a-b. 

Typically, copolymer gradient sensais ere prepared by photodcposlBng a polymer strip from a 
prepolymer mbduro havir^ a timfrwying monomer composition. In a typical procedure, the diatel end 
35 of a fiber optic array s immeised in a sttrred first sohifion comprfelng aft least one monomer and a 
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photDWaator For pbotodaposifion of the copo^mer, 0 UV exdta6or> Bght beam b scanned acioss the 
pr^im^H end ofthe fibernrray at a predetermined scanning rate while a second soJutinn. compn^g^ 
toast one addfflonal monomer and a phatolnftialDr. fe simultaneously added and mbced ^ the flist 
sohUkm. Generally, both solutiona are flushed ^ nttrogan prior to the mbdng pholopolymenzaltan of 
5 the monomers. This photode position method produces a copolymerized polymer strip having a 
oontiiiuoiialy vaiying structure and compoaffion over te entira length due to the monomer composition 
vartaaonlmpoBedtntheprepolymermb^ >Wef photodepo^aton 

of the copolymer gradient strip, the deposit » soaked in a dye solullan comprising a sohrenl and dye, 
rtaed. and dited ovemlghL In a prefened emtxjdlment, the copolymer gradient sensors are contacted 
10 with a dye solution comprising eolvatochrDmic dye dissolved m an organic soh«nl that wai swell the 
copolymer gracfent ?pnsor matrices. In a subsequent step, the gradient sensors are washed to remove 
excess dye. Typically, the sensora aro washed In vrater, methanol, or any suitable sohrent that does not 
GweU the copolymer matrix, but m which the dyes ere still soluble. This allows the residual dye to be 
rinsed off without rinsing the dye out of the sensor matricea. 

•15 C. Sensor Array Fabrication 

The copolymer sensor elements of the present Invenflon may be deposited on any suitable substrata 
menials to Iprm a sensor or sensor anmy. A wide dhwrsfty of materials may be uflllzed as substrates. 
While the substrata may be formed from any suitable oiganic or Inorganic materials, the substrate 
should be chemically Inert to the sensor elements, target anatytas and any analyte sohwnt matrix. 

20 Enmples ofsuiaUe substrate materials include glass, ceramics, plastics, polymeric materials, metals 
or oomposfte matei^. The size, shape, and configuration of the subsbale can be adapted to meet the 
requiremente of a articular sensing application or envlronmenL A principal requirement in selecting a 
salable substrate dknension and configuration te that the substrate should provide fiw access of target 
analytes to the copolymer sensor elements. The variety of substrate configurations and shapes 

25 envisfaned tf ttie sensor of the present Invention includes fitwrs, rods, plates, epheras, or any cufved. 
redilinoar or irregular surfaces as well as piezoelectric substrates and electrodes. 

In ona embodiment for opCcal sensor arrays, a sensor a^ay 100, comprising a plurality of indi^Atual 
sensors, are located adjacent to or attached to a distal end 212 of a optical Iter bundle 202. In one 
preferrail embocfiment, dfeorete sensors or gradient sensors are deposited directly on a dotal end 212 

30 of a tor bundle 202. It is importartt that ttie sensors and sensor anay are located projdmate to the distal 
end 212 of the fiber opSc bundle 202 to ereure that the fight returning In each discrete optical fiber 252 
predominantly originates from only a single sensor or a portion of a gradient sensor. This feature is 
necessary to enable the interrogation of the opik^ signature of Individual sensors or portions of gradient 
sensors within the sensor array 100. and to provUe for the summing of individual sensor responses 

35 within each sensor type for reducing dgnal to norse and Improving signal enhancement In tWs 
embodiment the sensor adhesion or affbdng technique mifit not chemically insulate the sensor from 
the analyte or otherwise interfere wfth the optical measurement 
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in one piBferred embodiment, each fcuflwidual opfical fiber252 of the liber bundle 202 conveys tigM from 
a anglo discrete sensor or a portfon of a gradienl sensor. 

Conseriuently. by Imaging the nght emanating frt.m a pn«imal end 2U of the fi>er bundle 202 onto a 
detector array such asaCCD camera, the optical signatures of dfecrelesensore or portions of giadleiit 
5 sensors are indnridually Interrogatable. 

Wher9 a fiber optic array is employed as a sensor array 100 substrate, the fiber opHc array may be a 
either a conventional imaging fiber, comptfelng a preformed, unitary aiiay of a pluraiay of prenaad 
individual fibers, or a conventional liber bundle comprised of a plurafity of discrete individual ttwre. 
where the Individual fiber strands are disposed coajoally along their lengths. In one prefeired 

10 embodiment, the Individual fibers have a dadding for reducing optical crosstalk between fibere in the 
anay. WhPe a a>a' optic an-ay will typically comprise thousands of discreta fibers of uniftmn diameter, 
alternative embodffnente can prowde for variations in both the number of fibers and range of fiber 
diameters within an array. Indiwdual fiber diameters of the fiber optic array may range from 
appitndmately 1 to 5D0 um. InduWual fibers may have either a circular or non-drcular cross-eecBon and 

15 mbctures of cross-sacBons may be employed In an array. The hdmdual fibers of the array may be 
arranged either in coherent or incoherent manner For the sensor arrays described in Examples 1-3, 
commerdal krtoQe guides were used as fiber op6c array substrates for photodeposlfion of the copolymer 
sensor elements. These image guides, avaflable from Galileo aectro-Opfics Corporation (Sturbridge, 
MAJ, typically compitee approidmatety 6000 optical fibers, each fttier having a 2^ urn dimeter, packed 

20 together m a coherent feshlon such that spatml position Is msuntained from one end of the fiber to the 
other. 



Prior to photodspo^on of copolymer sensor elwents, the distal end surface of the fiber optic array Is 
typically cut to length, polished end prepared for photodeposition. Generally, both the proximal and 
dstal ends of the fiber array bundle are successltfely polished on 12 pm, 9 pm, 3 pm, 1 pm, and 03 pm 
25 topf^nQ films. Subsequently, the ends may be inspected for scratches on a convenfionaJ microscope. 
The fiber b typically rinsed In water and acetone and ultrasonlcally' cleaned for several minutes to 
remove any poOshing residue. The fiber is then allowed to diy prior to a sDanlzation treatment 

When tie sensor comprises beads, the substrate can be prepared in a variety of vifays. In a preferred 
embodiment, when the sensor comprises lieads. the sut^strate may be prepared to include discrete 
30 sites. In a preferred emlwdimont, the surface. of the substrate is modffied to contain wells, i.e. 
depres^ns ki the surfoce of the suksstrate. This may be done as is generally known in the art using a 
variety of techniques. Including, but not timaed to, photofflhography, stamping techrtques. mokfmg 
tBchrMques and mteroetcWng techniques. As ^11 be appreciated by those in the art tfie technk|ue »eed 
will depend on the competition and shape of tiie sutsstrate. 
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in « prBfened ambediment. physiwl alteraHons ate made h a surfece ofthe substrate to piodu« the 
saw. In e pnrfeired embodiment, the substrate is a fiber apGc bundle and the surface of the subsfrate 
is a tenninal end of the fiber bundle, ee Is generally descrlbod In 0Bffl18.199 and 0W151,877. both of 
which are hereby e«pf«sly Incoiporated by reference, h this embodiment, wells are made hi a terminal 
6 or distal end of a fiber optic bundle comprising indi»idual fttier^ In IhB ertibodiment. the cores of the 
hdiwiduBl libersare etched.»«m respecttothe dadding, suchthstsmall wells or depressions are Ibrmad 
at one end of the fibers. The required depth of the welte wiO depend on the size of the beads to be 
•added to the wells. 

Generally in fhte embodiment, the microspheres are non«va!ently associated in the wells, alHiough 
1 0 the wells may addifiDnally be chemically fiindiorralized as is generally described below. croBS-Hnldng 
agents may be UEod, or a phyacal barrier may be used. i.o. a film or membrane o««r the beads. 

• 

In a pfBferod embodinwnt the surfece oflho substrate Is modified to contain chemically modified sttes, 
that can be used to associate, either covalerrtly or nonlcovalently, the microspheres of the liwenfion to 
the dBcretB sites or locations on the substrate. "ChenucalV modified Gaesf In this context mdud^ but 

15 )s not GnfitBd to. the ad^fitiort of a pattern of chemical funcfional groups Including amino groups, carbtoy 
groups, 01X0 groups end thiol groups, that can be used to cavatently attach microspheres, which 
generally elso contain correspondinfl rcacfive ftjnctional groupe; the addfflon of a pattern of adhesive 
that can be used to bind the microspheres (either by prior chemical fundwnallzalion for ttie odd^ of 
the adhe»ve or d^ect addition of the adhesive); the adcBBon of a pattern of charged groups (simSar to 

20 the chemical functionafities) for the electrostatic assodatlon of the microspheres. I.e. when the 
microspheres comprise charged groups oppoaito to the sites; the addifion of ap^m of dhemical 
funcSooaj groups that renders the sites differentially hydrophobic or hydrophflic, such that the addifion 
of OTiilarty hydrophobic or hydrophilic microspheres under suitable experimental condftions will r^ult 
in association of the microspheres to the sites on the ba^ of hydroaffintty. For example, the use of 

26 hydrophobic sil^ with hydropholrfc beads. In en aqueous system, drives the association of the beeds 
preferenfialty onto the riles. As outfin^ above, "pattern" in tWs sense indudes the use of a untfiorm 
treatment of the surface to allow association of the beads at discrete sites, as well as treatment of the 
surfece r^uffing In dterete sites. As wOl be appreciated by those in the art, this may be accomplished 
In a variety of ways. 

30 The copolymer sensor elements may be depoated wth or without pretrealing the fiber optic array end 
surfece. m a preferred embodiment, the distal end surface of a fiber opbc array bundle typteally 
activated vwflh a silanizing reagent for Improving the adhesion of the copolymer sensoP deposit to the 
fiber anay. For photodeposilron of copolymer sensor elements, fiber array ends a re typically treated by 
himeraon in a 10% solution of 3Crintc*hoxy53yI)propyl-melhdcry1atB in acetone, rinsed and cured m the 

35 at»ence of fight for approximately one hour at room temperature. F=or thermal polymertzafion of 
copolymer sensor elements, the distal end of a fiber array is typically treated with a 2% solution of 
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noctedfic/ltriethoxy^lana in 95% ethano^aceficacW mixture at pH 4.5 torlwo minutes. The fiber end 
16 finsBd witti ethanol and cured at lOO^C for 1 0 minutes. 

Forphotodaposition ofthecopoJymersensof elements, In one ombod™ 

anBy may eRherbfi imrnersed m a prepolymBrsdJuBon comprising a photoinitiatDr, dye, and at least two 
5 monomersthatcanbephotopolvmeite^^ Atemalh^, the prepolymersoiuton may be applied to t^^ 
distal and of the fiber. In one embodiment a solvent may be uBUzed for impfovlnfl the solubifty of 
le^ente h fte prtepotymer mDdure. The pcowmal end of lha fiber array is illuminated wtth exdtalion Bghl 
at a predetemiined mtensit/ for a specifiad time dapendino on the composition and reactivity of the 
pmpolymar Mlutfon. The time and intensity of HoW exposure is estabOshad by shutter and radiomatBr 
10 seUinos on the photodeposffion system. inoneembodiPfiefrt,the1iherlsiIUiminated whflethecfel^^ 
Is immersed ii the propolymer sokifion. In an aRBma&re embodiment, the liber is dipped In the solirtton. 
removed and then Ulumhated. As a result of controlled fllumlnation, a photodeposft of appropriate aze 
and area Is formed on the distal end of the fiber array. The phctodeposlUon condifions may be 
controfled to produce precisely scaled , Individual deposits on the end of each fiber in the fiber anay or, 
1 5 alternatively, to produce a larger deposft v\rtwch covers the ends of muWple adjacent fibers. Typlcdiy, 
for gradierrt sensor fabrication, a larger deposit encpmpassing multiple fiber ends is employed so that 
mutMe legionsof Werest wHhin the aradtent sensor can be optically coupled to Individurf fibers in the 
fiber array. 

In an aRema^ embodiment, dye may be mcorporatod into individual copolymer sensor elemenb or 
20 a sensor anay fbUowir^ phoiDdepcwilion of the copolymer matrtjc With this embodiment, the individual 
sensoiB or, alternatively, the enttra sensor array may be earposBd to e dye soluflon comprtsed of a dye 
and appropriate sohrent For example, the copolymer sensors or sensor array may be contacted vifWi 
s dye eo'luton comprising sotvatochromfc dye cfissolved In en organic solvent that vwU swell the 
copotymo-gradientsensor matrices. In a subsequent step, the gradient sensors are washed to remove 
25 eaccess dye. Typically, the sensors are washed In water, nriettianol, or any suitable solvent that does not 
swell the copolymer matrix, but in vrfifch the dyes are m solulrfe. This allows the residual dye to be 
rinsed off without rinslr^ the dye out or the sensor matrices* 

■ ■ 

In one altemafive embodiment, a chemical molely or (iincttenal group may be attached to copolymer 
sensor elements either prior to the dye incorporafion step orfoDomr^ removal of excess dye after the 
30 incorporation step. 

D. Photodeposaion System 
Ptratodepo^Gon of fte discrete copolymer seizors and gradient copolymer sensors was performed with 
a modified commerciel photodeposifion system. A schemafic diagram of the photodeposaion system 
50 Is shown in Rg. 1 . A Novacure ultraviolet spot-cure photodeposiSon system, available from EFOS 
35 (Ontario, Canada) was modified for the photopolymeriz^on copolymer depositions of Beamplos 1 
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IhiouflhS A 100 Watt»hort-«r« metcuiy-xenon temp 105 «ah a IkjUW Bflhtfluide wbs employed as a 
source for uvexcaation light The spot-cure s^em has a buBt^nnrftometBr for contrdling the Iflht 
inlensiyaivl an electronic shutter 110 for eor*oinng the polymerizafiontimB. TyplcaUy. excHafion light 
at330^m%«^«lenglhandapproximatelyllO0WWc^1*lntensilyw^ Other wavelengths and 

5 jnteinsaiee may be uOzed to matah spedfic monomer oomposilions and concentrations. The BXcitBljon 
1^ was coinmated wim a 50 mm focal lena» lens 1 15. passed through a sertes of neuli^ 

140, extaalion1i«8fa145. a 100 urn pinhole 120. and focused onto the pnndmal end 214 of a flboropBc 
bundlB 202 «ffli a 15x refleeilng microscope objective 125. A convanfional Bfaer chuck 130 and a 
SrMterand Hayer<MBfanl, MA) coarse Kymcroposffloner 135 viias (iHizBd for securing, positioning and 
1 0 fbcusing the proximal end surface 214 of the fiber opHc bundle 202 wtth respect to the excBatlon l«ht 
beam. The xy-poaBoner 135 provided 360* mtalipn. aHowlng for precise posfflonlng of the prMoraal end 
surface 214 of the fiber bundle 2D2. The distal end 212 of the fiber bundle 202 was immaraed Inthe 
prepolymer solution 150 of monomera, photoui^tor and dye. 

For copotymer gradient sensor deposHtens, a Burteiflh Instmments (Rahere. NY) Model No. 6O00 UUM 
15 kichworm PCT renoposaioner 136 was ufflized In conjunction with the coarse xy-posmoner 135 and fiber 
chuck 13E> far securing, podtionfrig, and transfafing aclected regions of the proximal «snd 214 of the fiber 
optic array 202 across the optical of a focussed Rght beam. The focussed light beam remained 
stationary while the proximal end surface 214 of the fiber bundle 202 was translated across the beam 
focal poW using the nanopoafioner 13B. A hand-held controller provided precise remote control of the 
20 nanoposifioner 136 scarmina. Scanning spe«i was adjusted to accommodate eiher the polymorteaBon 
rate oraddUon mbdng rate of the monomers to ttie prapolymer solulion 150 at the distal end 212 of the 
fiber bundle 202, In an alternate embodimenl. ttve focussed light beam may be translated acrora a 
ataHonary proximal end 214 of the tiber bundle 202. Whie this modlflcafion of the photodeposition 
apparatus 50 provWea lor a single copolymer gradient sensor to be deposfted at a time, ft b antidpatad 
25 that m.uWpte copolymer gradient sensors can be fabricated either sequentially, by neposlioning the 
pro)dmal end surfece 214 of the fiber optic anay 202 wfth respect to the opGcel a)ds of the fight beam. 
orsknu!»neou5ty, using modifcaBons Of the opGcal train and apparatie to provide for multiple excftaHon 
Dght beams to be focused simultaneously on multiple areas of the proodmal end surtace 214 of the fiber 
array 202. 

30 3. Ezparimental Measuremants 

A. Sensing Apparatus and System: 
Characterislic temporal optical response data measurements of discrete copolymer ser^i9 and 
selected regions of copolymer gradient sensocB responses to spedfic vapor analytes and oixcitatian fight 
energy were made acccr(&^ to the general method, apparatus and instnj mentation disclosed by Whto. 

35 et aU Ahb!. Chem. 6821 91 -2202(1 996), hereby expressly Incorporated by reference. 
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In Fig. 2. a schematic block dtegrani illustrateatho expetlmental apparatus and inatnimentefion 200 
used for data iroasiiremente ottaiiad »er aplic sensor anaya of the prasentlnvanlion. tn a typical 
measurement, a pitudmal end 214 of a liber optic array 202 was pboed in a fiber chuck 210 and 
Gecurad for vi««ng «Ah an optical InsWmertalion system ulifizing a modifled Olympus mlcroscopo 220. 

S Asensor array 100 compifelno a plurality of discrete sensois or gradisnt aansora disposed on a dislal 
end 212 of the bundle 202 was aiipoBed to a fluM sample containing analyles to be detected. In an 
altamativa embodimanl. a rrdcroacope 220 gGde platform and sllda damp was used tor viewing and 
posiOoning sensor anay subBtates. such as glass plates, slides or cover sUps. The microscope 220 was 
equipped v«B» an epWUimlnator (K. 540 nm. \„ S90 nm. Zeiss 2.5 objediva. 0.8 MA) and Olympus 

10 20x and 401C and Zeiss 1 0Ox objedivas. An Omega 560 DCRP diohroio nnnor 230 waa used to direct 
excaalion Bght eifeigy torn a 75WXenon are lamp 2*0. ^ the fSjer bundle 202, to the sensor anay 100 
at me distal end 212 of the bundle 202. The cSchroic nraror 230 was capable of iBflecBng Bght at shoiter 
wavelengths (<580 niri) and transmltBng Bght at longer wavelengths ^SBS nm). The exdtaJion Bsht 
enetgy emanalina from the arc lamp 240 was filtared by an Omega 535 BP40 Irdegt^ ewAafion light 

15 Olertehutter 250. The charactartelic opflcal response signature of *e array 100, omitted by indMdual 
sensor elements or portions of gradient sensors upon Olumination by excitallon Qght in ttie presenC9 of 
analytes, was transmittsd via the fiber bundle 202 and dichrdc minor 230 to a CCD frame transfer 
camera 270. The HflM energy emtted from the sensors or portions of gradiant sensor of the sensor 
array 100 was filtered With an Omaga 640 BP20 Integrated emitted lghtfnter/!shuttBr260 prior to the 

20 CCD frame transfer camera 270. In one embodiment a TE;CCD^12EfT Prtneston InaJrumants 
(Trenton, NJ) 512 x 512 frame transfer CCD camw^i 236 was Utilzed for capturing frames of 
charactBrisflc fluorescafvce response Im^es of sensor elements in the sensor array 100. 



A 81 OQAV MadntDsh Power PC desktop computer 23d Virtlh a Princeton Instruments NUBus camera 
tnteifeco caid was employed for data aoquisffion and processing images ecqui-ed by the CCD camera 

25 236- EJcperiments generally consi^ of coUecting video camera frames of fluorescence response 
■nages and recording the images wth the CCD frame transfer camera 270. Captured images ore then 
conveyed to the camera Interface card in the computer system 7BQ. Depem&ig on the response time 
of sensor elemente, the duration of the enalytfr«erBor anay Interaction and Ihe rise and decay of sensor 
responses to an anatyte exposure, camera frame rates end measurement times are selected for 

30 collectibn of a suitable number of data points. Frame capture times tyfrfcalty range between 80 to 250 
ms/frame. 



B. Sensor Response Tes&ng: 
A conventional air dilution oltectometer and vacuum-controlled vapor delivery system 290, as commonly 
knovwi end used in olftictDiy research and desofbed In Kauer, at al.. J. PhyshL 272:495-516 (1377) and 
35 White, rtaU>*natcyiDm, 66(13)^2191 (1 996) was used to apply contmlted pulses of analyte vapor and 
air carrier gas to efthsr a sensor substrate or the distal end 212 of a fiber optic sensor array 100 
containing an array of discrete sensors or portions of gradient sensors. 
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To produoe a saturated vapw sample, in one embodlmont. a atrrtm of air canter gas was passed 
lhi««ha5iiilcartrtdgscoiitair*i9liltor|fflper8a^ In an altemali-e embodiment 

the canier gas was passed through a 1 00 ml sample of anatyte cortlalned in a 250 mi Eilenmeyer flask. 
Analyte dhJflons were produced by adOusBng the iBla&« flow rates of saturated vapor and dean carrier 
5 gas streams. Typically, a flow rate of 1 50 mlftnln is used fbrHie oomlined gas flow to the sensor array. 
At this flow rale. a3second pulse would deliver approximately 7.5 ml of analyte vaporwth cairteraas. 
Id general, dependkig on the analyte vapor pressure and (filutloii factor, vapor pulses contain between 
1 .6k10'^to 4.0x1 md of analyte. 

For 60 temo me^surcments, Ihe vapor putee is typically delivered durina ihe 1 1th througK 30th frame, 
10 commencing on the 11th frame. For 40 frame meesuTBmente. the vapor pulse is typicaHy deBvered 
during the eth throioh 20th frame, commendnfl on the eth frame. The duration of the vapor pulse 
VQiies vjfth the epodfic frame rate ufflteed and typically ranges between 1 to 4 seconcte. Basefine control 
measurements are perfbmied wth high puity, Ultra Zero grade air. The air pulse measurements are 
performed to account for any sensor r^ponses due to the vapor canier gas. 

/ r * 

15 The sensor arrays of Example 1 and Example 2 were tested by exposing each array to a number of 
representaliVB analyte vapors using the vapor delivery system and imaging system described herein, 
h Epical sensor response teste for each analyte, a total of 40 ttne pdrfta were collected over 4 seconds, 
vmlh a vapof pulse duration of 1 s. The CCD camera integraflon time waa set to ZSms. and pixels were 
binned 5 x 5 to enhance signal and reduce readout times. For tesfing these sensors, the sensor array 

20 was ^pically illuminated with 535nm ftght and emission was monitored ate2ftirn using a 20 nm band 
pass, liquid crystal tunable fBter (Cambiidge Research tnstruments, Cambridge, MA). 

4^ Data processing and Analysis 

A. Data Processing 

Fonowing the coHedion of a temporal series of seiisor element or sensor anray Images, segments are 
25 ^pfceUy diHwn. IPLeb image processing soflwBire (S^nal Anafyfcs, Vienna. VA), over each pixel 
or groups of phcels wWch oofTBspond to an Individual fiber where Ihe fiber is coupled to either a discrete 
ser^r or e portion of a giadiant sensor at Bs cfistai end. The mean fluorescence intensity is nieasured 
for each one of these segments In each frame In the sequence. This is done for both the vapor pUlse 
re^kxtsesandthe baseline air putee responses. Averages of multiple runs of each may be performed 
30 to knprave data quality where needed. The air putee data are then subtraded from the vapor pulse data 
to subtract the background due to air alone. The resu^g data can ba plotted to yield temporal Intend 
nsponses for alt sensor types of interest. 

All data manipulflfion is performed within the IPLab program envlronmenl using simple scripts written 
by the operator which call Imbedded inrtage or data processing funniions. These scripts and routines 
35 cons»t of a data collection portion end a data analysis poiton. 
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tn the data cdtedion pgrtlon. there are thrae segmerts or loops as follows: 

Loop 1 . This esteWishes the IxaseDne fluorescence of each sensor. This loop can be shortened or 
eytend9d to adjust to slower or faster response times of speciBc sensors or sensor airays to certain 
anotytes. In typical meGsurement runs, this loop b set between 5 to 20 frames, 

5 Uop2.Thi8bfhevaporexposureloop. AvaporpuIsolsappUediustbefore this loop starts by way of 
a script command that sends a 6 volt pulse to an attached solenoid va»ve which swftches a vacuum Bna 
off. thereby aUowlnfl a vapor sample to omilfromihe end of a nozzle, TyjricaBy. this loop h 5-30 frames 
In duTBfion with a 20 frame duration most common. 

Loops. The ts a sensor recovery loop. Another 5 volt tito©r pulse ts sent to a solenoid which swihdies 
10 bei*te teNfel podtton, causing the vapor deOveiy system 2Q0 to resume collection of the solvent vapor 
and carry it off to %ra5tB, Typically, this loop Is of 30 frames durafion in a 60 frame measurement and 
20 frames duration in a 40 frame measurement 

For each loop, the frame rate and number of frames captured are adjusted to capture an ^fspropriate 
number of data pointe for a sensor-analyte interaction. Ijoop durafion and measurement times can t»e 
IS adjusts for eadi measurement to accomm««iats the response tmc of sensor elements, the duration 
of the analyte-sensor array interaction and the i^e and decay of sensor responses to an anatyte 
estposura. 

B. DalaAnaly^ 

In the data analyas poition. pre^elecbed segments talcan from a previously coUected "focus" bnaga are 
20 translened to the sequence of images conected. These segmente. drawn by the user, allow the mean 
pod ntendty to be measured in particular regions throughout the image field. Typically, they are drawn 
over hdhMual pixels or groups of pbcels of a fiber optic sensor an^y, each of wWch contains a discreta 
sensor or portion of a gradient sensor. The script then enters a loop that «epa through each frame, 
measurii^ the mean phel intensity within eadi segment, and places the values in data columns. The 
25 resulfii^ cotimins can then be ptotted to yield the temporal response of each sensor element of biterasl 
Before plotting, however, responses are tyincally backsround-sublractod and then '^standardized". In 
one embodiment, the Inifal background signal, prtor to exposing the sensor to an analyte, is subtracted 
from all data pointe and then normalized by dividing each data point value by the maadmum signal. *n 
this embodhnenL the maximum response has a value of 1 ,0. In an alternative embctfiment, the data 
30 ptdnts are ^tandardizedT by dividing the data for each sensor response by the first point data potoL In 
this embodiment. aD respor^es are thus normalized to start at a value of 1 .0 for the purpose irf 
fadlBatlng the graphical display of all the temporal responses. In an allemafive procedurej the InSial 
bad^rpund s«gnal, prior to expo^ng the sensor to an anatyte, is adjusted to start at a value of 0J> by 
subctracting the mteger 1.0 from the staridardized data points. 
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ConvenBonal statlsttcal analysis of s^temporal response, may be ampJoyed whe,* it Is dealnible 
to compare the dlsorirrinafino capacities of eBher discrete copolymer sensois or Bradlenl copolyiner 
aensois for appBcatlons as Indhridtial sensors or as sensor elements in crasa«ac»ive eensof an a,^ 
Cluster analysis melhoda which employ graphical repi«entations of stafisfically determined 

5 disshnnarities bet«»en eensors ai« particularty usefiil in compartng sensor discdminafing capabTifies. 
Such stalisfical analyfical methods are convenfcnalV known and applied in *e chemical arts and 
detailed discussion of these methods are provided tiy both R.O. Brereton ^a CherwonieWca: 
flppBcaSons orNfathemaBcs andStaSsBcs to Laboratory Systems. Blis Honrood (New Yoric. 1990). P- 
and D. LMr^stane ^e Data Analyaia fcr Chenasts, Oxford Unw- Press (New YoiK. 1 995). p. 

10 38-40.81^.103.112,170-1741, 

auster analysis methods may be employed forquanUlalive comparison of discrete sensor responses 
to spediic analytes by characterizing tha •dissimilarity' between the temporal responses of each 
copolymersensorlypetoananalyte. VWile a variety of stelistlial measures are available for qua nH^ 
seitsor dissimilarity, a paificulaity useful approach Involves represenlina each sensor response as a 
15 point in mulfidimensional space and then calculalinfl the Euclidean distance between poirts [see TA 
Dickinson, et al., Anal. Chem. 69(17):3413pepL 1. 1 997). In this method, the equafion 



= [t (/.V - fj.,y] 



I /2 



defines the statistical distance belmen the tenporal responses of sensors / and / The squared 
difference between the fluorescence signal from the two sensors at each lime point, and J[f , is 
summed over all time points of the sensor response measurements. A dl^onally symetrical distance 
20 matrix Is generated for the entire sensor airay and the distance sare used to construct a dendrogram 
allowing the identification of groups or clusters havin© simPar responses. A sample application of this 
method Is provided in Example 6 for anafyas of responses of discrete com Wnalorial copolymer sensors 
to benzene. 

fis an optional approach for quanfif^ng dissimiiaritiBS of gradiem sensor regions of interest to specific 
25 analytes, a matrix of pairwise Euclidean distances may he generated as alwe for each ROI of a 
gradient sensor and a control and the dfetance values for each matrix are totaled to provide a 
compaifeon of an average summed distance for the gradient and control sensor regions of intere^ A 
oonvenfional muhidimeaaonal sca&^g ptel tnay be utiDzed for graphical display of obsenfed dissimnarity 
betvi^en the gradient and control sensors. This graphical method provides a two dimensional 
30 roprasentation of the paowise dfesm^arifles between responses of regions of Interest for each sensor 
tfpa. A sample apf^catiori of this method is provided in Example 7 for anatysfe of responses of gradient 
comt^natodal copolymer sensors to benxene. 
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In one preferred embodiment, the coduced sensor army data are emirtoy^ m a neural networtc analysis 
for Uentitying analytes accordino to th9 method dtedqsed in White, et al., AnaA Chem, 6B21«3-22Q2 
(1996). 

ft 

8. Sensor Elenwnt Signal Enhancemwit 

5 inoi»altema6reembo*neiit.tDimpn>wari^ 

senate mm a laige numb* r of cfiscfete sensor etemsnts vnBhin each wnsor type may be aummed by 
simply adtllna the basefine-adjusted Intensity walues of all reBpoDses at each time pdiA Banarafinfl a 
new temporal response compiteed of flie sum of all sensor responses for each sensor type. Signal 
summing can be porfornied in real fime or duimg post-<lalH acqulsBion data reducfion and analysis. In 

10 one embodiment, s^nal sumrrtnfl is perfomied with Excel (MKiosoft. Redmond. W/0, a commercial 
spreadsheet program, after opileal response data are collected. 

t 

In a typical procedure, the standardized optical responses are adjusted to start at a value of 0.0 by 
Gutrtraclmg the hteger 1 ^ from all noimalizBd data poinb. Ddng *is allows the twseOne-loop data to 
remain at zero even when sunmied together and the random response sgnal noise is canceled out 

1 S The vapor pulse-loop temporal region, however, exhltJtts a charaderbtic change in response, either 
positive p ne^tive or neutral, prior to the vapor pulse and often requires a baseOne adjustment to 
overcome noise associated With drffl in the first few data points due to charge buildup h the CCD 
camera. !f no drrft is present typically the baseBne Item the first data point for each sensor element Is 
subtracted from all the response data for the same sensor etemerrt If drift is obsenfed, the averBge 

20 baseline from the first ter> data pofnts fior each sensor element sensor is subtracted from aQ the 
response data for the same sensor element 

By applylr^ fhb basefrie adjudment, when muffiple sensor element type responses are added together 
they can be ampBRed while the basefine remains at zero. Since all sensor elements respond at the 
same time to the vapor pulse, they all see the pulse at the exact same time and there Is no regislering 
25 or adjusftig needed for overlaying their responses. Cumuteflve response data are generated by simply 
addir^ all data points in successive time intervals. Tltis final column, oimprised of the sum of all data 
poMs at a particularCme Interval, may then be comparBd or ptotted with the Individual sensor responses 
to determine the extent of signal enhancem^ or improved slgnal-to-nolse ratios. 

EXAMPLE 1 

30 A copolymer sensor array compr^ng discrete sensors formed the comtMnatorfal method of the 
present invention was made wfth two propotymers, which were partially polymerized, and four discrete 
prapolymer composMon ratios. An (80-85%) dimethyI-(1S20%) (acrytoxypropyOmethylsaoxarie 
copolymer. PS802, av^ble from Gelest Ina CTUilytown. PA) and mcthfyl methacrylate, MMA, avaDable 
from Aldrlch (MDwaukee, Wl) were selected as example monomers for copolymerizBtion. In wie 

35 expeiimant, a comt^naloiial sensor array was prepared from separate prapolymer solutions containing 
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PSe02fl«VIA combinations ranging from OjO. 20.0 and 50.0% MMA in PS802. In an attemalive 
acperimant. a second combinatoitel sansdr army was prepaiad froin separate prepolymer Boluttons 
containino PS802AflMA combinations ranging from 0.0, 6.7. 33,3. and 50.0% MMA in PSBOS. In 
preparing each sfensor anay, dye soludon of ImgMiL Nile Red m chloroform and a SOmgAnL solution 

5 of benZDh efhyk ether initiator in tduene waa added to each prapolymef sohilion- For both arrays, the 
prepolymer mixtu^e-dy&^^itiato^ solutions warn incfividimlty poiymertzed onto the end of a coherent 
inagvTg fiber uang the photDdeposffion system described hereh, to form a plu railty of discrete sensing 
regions across the face of the fiber. Eadi of the solutions was polymerizBd for S seconds, resutting in 
approidmalBty 45Mm-diameter polymer hemispheres or cones aUached to the distal end of the fiber 

1 0 bundle- Duplicates of eadi monomer comWnatwn mbduie were polymeitsed, yielding a total of ^ht 
spafially separated sensor elements. A fluoresoenco image of the first sensor array oompriang sensors 
containing 0.00, 5 A 20.0 and 50,0% tWMA in PS802 is shown in the PS802MMA sensor array in F^g. 
3. Replicate sensor elements were depostted fbr each of the prepolymer combination mWures. 

The second sensor anay comprising sensors containing O.00, 6.7, 33*3 and 50,0% MMA in PS802 was 
15 tested by e)g»slnfl the array to a variety of analytes. F^^ 4aKi depict the fluorescence output of this 
sensor array upon exposure to pulses of various saturated vapors. As shown tn these figui^, each of 
the four prepolymer combinafions produces a unique temporal opBoal re^onse for each of the fbw 
analytes te^: benzene hexane (B),2-propanol ((^ and ett^ acetate (D). These results indicate 
ttiat the optical rosponses for each copolymer sensor having a (fiscrsto prepolymer combination produce 
20 a unique and dl5tinguishat>le response to the same pulse of four different analylBs and thus provkia a 
characteristic discriminaling measure of the presence of a variety of target analytes. Rgs- 4a-d also 
indkate that the sensor response for ^ch copolymer sensor type ^ reproducible and that repfcates fbr 
each prepolymer comt)lnation produce similar response curves. 

The dhraisity ki copolymer sensor responses exhixted by me various copolymer sensor types shown in 
25 Rgs. 4a-d has uai^ fbr detecting and discriiplnafing a variety (^target analytes. demonstrating posRivB, 
negafivB, and biphasic fluorescence changes n response to each analyte tested. The sidividuai optical 
response characteristics for each of tt» copolymer sensor types contains numerous additioftal 
cfis&r^ui^lng features whfch are useful for dlsci1mina6ng analytes as well, irtcludlr^ different rise times, 
stopes, recovery rates, and sharp pealcs a^odated with each aBrtsor*s charecteristfc response to each 
30 of the analytes te^ed. As shown tvy the results of Figs. 4a-d, this discrimination capacity e seen both 
behareen classes of analytes, such as aromaUc and alcohol compounds, us well as within a class of 
analytes. such as methanol and propanol. 

From the resulb shown In Figs. 4q-6, ft is important to note that there does not appear to be any obvious 
progresaon or Rnear relaHonslvp t>etwsen the optical response characieilstics of the prepolymer 
35 comUnaQons and flie prepolymer composiilQn rafios for each copolymer sensor type. The response 
charactertsdcs of the combinatorirf copolymer sensors are thus not simply related to the proportion of 
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the two digomera or monomMS irtfllrod. "me differences obsarvBd In the optical response 
cteiwfciteteof these copolymer«nso«te due to a difference In the polarity. swalCng chararteiWics. 
or chemical at«ofptlon of the copolymertzed rnatnces formed fiom each prepolyraer combinaBoi.. 
THebe rosute domonfitrata that the combinatorial polymer sensow of the present inwntlon prowide 
5 unique charadorislic optical responses torn each monomer combinatton. that such sensors odObtt a 
high degree of diveisliy in optical response to a variety of target analylBs. that such sensor can 
(fisoMrtatB between classes and within dassas of target analyte compounds, that the seisor response 
b roprodiK*le. and that the response characteiiBlics are not simply related to proportional ratios of the 
oI^omBf or monomer combinations* 

EXAMPLE 2 

A copolymer grBdleirt sensor was propared by photodepo^Hng a polymer strip from a prepolytirter 
mbdure hfflflng a trm«^vaiying d^mer or monomer compo^on. The distal end of a Hber optic bundle 
was immersed in 1 ml of a sflned solution containing PS901.5 (acryloxypropylmethyl siloxan©). from 
United Chemte! Technologies Ina (Bristol, P^. in chlorofomi (1:1), wfth 27momiL of benzoin ethyl 

1 5 ether trtBator. For photodeposition of the copolymer, a UV Dght beam was tocussed thtfough a pinhole 
aperture and scanned across the face of thVflher optic bundle at a rate of 25|jm/^ whflo I ml of PS802 
pcepofymer soluBon (2:3 In chtoroform. 30mg/mL BE^) was injected into the PS901 .5 mliclure using an 
Orion Reaaart^ (Bo^n, Ma) Mode! M361 synnae pump. Both prepolymer solufions were flushed wBh 
nitrogen far 20 minutes prior to mWr^ and polymerication. The beam scanning and nradng of the two 

20 prapolymer solutions occurred slmuJlaneously and continuously over a twenty-nvo second 
photopolymerizatbn period. This method of photodeposition produced a copotymaiized polymer &ti|p 
wth a eontinuoisty varying structure and composition gradient due to the photodepoatron of a 
prepolymer solution ranging from pure PS901-5 to a 5:4 mixture of PS9013 and PSa02. Using the 
same procedure, tut without the addition of a second monomer to the readion vosael, a 

25 Bingle-component poJymer control ^ of PS901 .5 was polymerized onto the €ace of the same fiber 
optio tsundle. Both of the photodeposSed polymer strips were soaked in a rffle Red OmgAnL in toluene) 
solution for 30 minutes, rinsed wfih ethanol. and allowed to dry ovemlghL 

For tha resultant PS901 ^S802 potymefeed copolyrner gradient sensor (Fig, 5a), twelve regions of 
interest (ROTs) wera drawn at various locations alor^ the vertical axes of both the copolymer gradient 
30 sensor and an adjacent, ar^le-compoifent re901,5 polymer control sensor sftripe. The temporal 
fJUDtesoence changes for each of the twelve ROfb of the copolymer sensor in response to vapor pufses 
of benzene (Fig. 6a) and methanol (Fig. 7a) were found to cover a wkJe range of shapes and intensities. 
Tha corro5|)oncfif>g ROl*s of the PS9015 polymer control sensor (Tb. 5b). however, yielded twotva 
temporal responses of loiighly the same shape In response to benzene (T®. 6b) or methanol (Fig. 7b). 

35 EXAMPLES 
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A copolymer sradlent sensor «rray »«s also prepared a PSBCCAflMA monomer combinaBon. 
ecomfing to Iho method deocnhed in Example 2. For this copolymer gradient sensor, a 1:1 eoliAonof 
MUf< monomer in chlorofom, was stowty added to a 1 :1 prepolymer solution of PSa02 in chtarotorm. 
each prepol^mersDluflon «ntaIniiB 30 mflfmt of benzun ethyl ether in toluene. During the conUnuoUS 

5 and ^muBaneous addffion and mi«g of the MMA solution with the PS802 solution, a UV light beam was 
focuesed through a pinhole aperture and scanned across the face of a flber opHc bundle which was 
mmereed in the solufion mMure. yfeWinfl a continuously vaiyfcig. copolymer stnictor* and composition 
gnidient across the fiber bundle end face. TWs method of photodeposffion produced a copolymarized 
potymer strip vritti a continuously waiving stnicture and compoiiHion gradient due the photodeposWon 

10 of a prepolymer solution ranging from pure PSBOZ to a in mixture of PS8Q2 and MMA. 

For the resultant PSStKWMMA polymertzed copolymer gradient sensor (Rg. 8a), Iwehre regions of 
btiarest (Pol's) were drawn at various locations along the vertcal axes of both the copolymer giadlenl 
sensor and an adjacent, single-component PS802 polymer sensor control strip. Hie temporal 
Huor^soence changes tor each of the twelve ROFs of the copolymer gradient sensor in respoitee to 

1 5 vapor pulses of hexane (Hg. 9a). methanol (Fig. 1 0a) and bsnzene (Rg. 1 1 a) provide a broad diveisfty 
in opneai response which is useful for discriminating a vari^ of target analytes. Ths ootrespondkig 
ROI* of the PS802 polymer sensor control strip (Fig. 8b), however, yielded twelve temporal responses 
of roughly 0ie same ^ape in response to the analytes hexane (Fig. Ob), methanol (Fig. I Ob), or 
benzene (F^. 1 lb). Thus, direct comparison of the observed optical responses for the copolymer 

20 gradient sensor and the polymer sensor control strip to the various analytes demonstrates the superior 
divaislly to nsponse and anatytediscrtrrrinaSns capabiBy of the' copolymer gracSent sensois and sensor 
arrays of the present invenflon. 

* 

EXAMPLE 4 

The duster analysis mettiod was used to compare fhe dissimilarfty of responses of the combindtDral 
25 copolymer sensors of Example 1 to benzene. A dendrogram was constructed for idonfifying and 
feolaHi^ sensors ha^nng similar responses, The'results are shown in the dendrogram of Fig< 12 where 
dusleis of reeponsas for a&tiBar copolymer sensor composition are shown for 0% MMA (1 and 2), 6.7% 
MMA (S and 4). 333% mA^ (5 and B) and 50% MMA (7 and 8) and dissimilarity of responses behween 
duster groups are shown far the different eopotymer sensor composjCons. Rg, 12 also demofistraites 
30 the nonJInear r^afionship tjetween copolymer compo^Son and sensor response where the responses 
of sensors wih a 50% MMA composttion are more closaty related to the responses of sensors wfth 0% 
and 67% MMA compoations than the 33^% MMA compoafflon. 

EX/^PLE5 

The duster analysis method was used to compare the dteamilarlty of response of the combinatottal 
35 copolymer gradient sensor and control sensor of Example 2 to benzene. The responses of twelve 
regions of Interest for each sensor typo were compared in a muttidlmenoonal scaling plot for 
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represanfing the increased dissimltertly between the flradtent sensor and control sensor regions of 
interest The ibsuKs are shown in the muHWimenaowd scaUng pirt of Rg. 13 where psInMse 
dfesintoilBes between regtans of Merest fbr each seiB^ Asdemonatratedbylhisptot. 
the gradient sensor respond are mote widely scattered than itw eortrol sensor, indloitino greater 
(fiver^iti sensor response. 

« 

Honig desciibed the profwred emtxximentB of the IiwenGon. twill now become opparert to one of skffl 
in1heBrtthatolherertibo(Imonl»Incorpoiafinothec6iiceptBm«yboii5ed. TtierBfbre.t is not Intended 
to Bnathe'iivertlon to the disdosed embodiments but rather the Invention should be limBod only by the 
spirit end scope ofthe following claims. 
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What Is claimed 'b: 

1. A sensor array campiising; 

a) a subetratB comprising cfiscrete and 

b) a pliiralily of copotymar senaora dislributad on aaW dtes, each of said ser«ois comprfeino 
5 8 cfiscrete mixture of at least a fii9t and a second polymenzabte material. 



2. A sensor array acconJmg to clafcn 1 wherein said copotymer sensoia ate on microspherea distrtt>uted 
on said sites. 

3. A sensor array according to claim 1 or 2 wherein said substrate Is a fiber optic array. 

4. Asensor array acconfing to claim 1 , 2 or 3 wherein said sensofs further comprise at leaat orw dye, 



10 5.* A sensor array according to claim 1 . 2, 3 or 4 further compriang a detector for detecBng sensor 
responses. 

6. A sensor airay according to daim 5 wlierein said d^ector is an opfical detector. 

7. A method of detecting the presence of a target anatyta In a smnple comprising: 

a) adding said sample to a sensor array comprising: 
15 0 a substrate comprising discrete sites; and 

n) a plurality of copolymer s^r\soTs distributed on said sites, each of said sensors 
comprising a cfiscrete mbdure of at least a first and a second polyertidzabie material; 

b) detBcSng an altieralion In a property selected from a group cons^g of mass, temperature, 
heat, ^trt. voltage, current, polarity, intensfty, refractive index, polarization, phase, waveier^, 

■ 

20 frequency, periodicity, and dimension. 

8. A method accortilr^ to dalm 7 whei^ saW said copolymer sensors are on microspheres dirtributBd 
on said sites. 

9. A method according to claim 7 or 8 wherein said substrate a fiber optic array. 

10. A method accortfing to claim 7, 8 or 8 wherein said sensors further comprise at least one dye. 

25 11 . A method accordir^ to dalm 7, 6. 9 or 10 further comprising a detector f6r detecting sensor 
responses. 

12. A method according to clawti 1 1 wherein said detector is an optical detector: 
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13. A method of making a sensor array oompriang: 

a) potymertzing in a pturalOy of predetermined rafios: 

0 a first solution comprt^ng a first polymertzaWe moterfal; arwl 
D) a second soiueon compiising a second polymertzabiB material; 

sad ratios boti« unique for leastfeMo of said soliifions. such thai each polymerirafion reaction 

results in a different copolymar seizor, and 

b) dtetnbutino said copolymer sensors on a sub^ta. 

14* A method according Id claim 13 wherein said substrate comprfees a liber opt» array. 



15, A method according to claim 13 wherein said copolymer sensors are polymerfeed onto 
1 0 microspheres that are dlsblbuted on said substrate. 



16, A method accaitfing to daim 13 v^«n said copolymer sensors are polymerized Into micnDspheres 
that are disputed on said substrate. 



PAGE46I56' RCVD AT 1011212005 6:33:56PM (Eastern Daylight rime]' SVR:USPTO-EFXRF-6/24' DHIS:2738300' CSID:16192350176' DURATION (inilKS):19-22 



KMOB SAN DIEGO 



@]047 



PCTAJS99/19624 

WO 00/13004 

1/10 




0 



PAGE 47/56 ' RCVD AT 1Qf12/2005 6:33:56 PM [Eastern OayOgtit fune] ' SVR:USPraEFXRF-6/24 ' DN1S:2738300 ' CSID:16t92350176 ' DURATION (iniHS):19-22 



10/12/05 15:51 FAX 16192350176 



KMOB SAN DIEGO 



lg|048 



V/O QQ/13004 



2/10 



PCT/US99A9624 



260 






V 



PAGE 48/56 ' RCVD AT 11)112/200$ 6:33:56 PM [Easteni Dayight fime]' SVR:USPTaEFXRF-6f24 ' DN]S:2738300 ' CSID:16192350176 * DURATION (iniiKS):19-22 



10/12/05 15:51 FAX 16192350176 KMOB SAN DIEGO I2I049 



wo«»i»04 3/10 pcr/us»n»«« 



S % rAtA9\ 





PAGE 49/56 * RCVD AT 10/12/2005 6:33:55 PM [Eastern Daylight Time] ' SVR:USPTO-EFM-6/24' DNIS:2738300 ' CSID:16I923S0176 ' DURATION (iniiyss):19-22 



10/12/05 15:51 FAX 16192350176 KMOB SAN DIEGO ElOSO 



WO0QA3004 4/10 




PAGE 50156 ' RCVD AT 10/1 W 6:33:56 PM [Eastern Daylight Time] ' SVR:USPTO-EF)(RF-6/24 * DNIS:2738300 ' CSID:16192350176' DURATION (inii>ss):19-22 



10/12/05 15:52 FAX 16192350176 



EMOB SAN DIEGO 



61051 



WO 00/13004 



5/10 



PCT/US99/19W4 



:? 

6 i 

t O 
n 




PAGE 51/56 ' RCVD AT 10/1212005 6:33:56 PM [Eastern DayOght rune] ' SVR:USPTaEF)(RF-6/24 ' DNiS:2738300 ' CSD: 161923501 76 * DURATION (innMS):19-22 



10/12/05 15:52 FAX 16192350176 



KMOB SAN DIEGO 



SI052 



WOOOnaW PCr/US99/l!Mi24 

6/10 




<» < J J < 5 6 7 




I 

I 

I 

1 

t> I 1 > « % T 



l.ltJO 





7 O 



I 
I 

■ 



PAGE 52156 ' RCVD AT wmm 6:33:56 PM [Eastern DayDgW fimel • SVR:USPTO-EFXRF-6f24* DNIS:27383()3 ' CSID:161!!2350176 ' DURATION (innKS):19-22 



10/12/05 15:52 FAI 16192350176 KMOB S AN DIEG O 

■ ^ 



@053 



WO 00/13004 



7/10 



PCT/U559/19624 



0 



I H 



2 

S" 

Sr - 



0U 




PAGE $3/56'RCVDAT1(l/im6:MPM [Eastern DayOghtriine]'SVI^USPTO{F»^^ 



01054 



,-^««^,A«- PCT/US99n9fi24 
WO 00/13004 8/10 




methflnoi i 





ItoMCft) 




PAGE 54/56'RCVD AT 10/12/2005 6:33:56 PM [Eastern DayDght Time]' SVR:USPT0{FXi7-6/24' DNIS:273g300' CSID:161!)23S0176'DU^^^ (ninK$):19-22 



10/12/05 15:52 FAZ 16192350176 



[gl055 



WO 00/13004 



PCTAJS99/1W24 



9/10 



.3 



2r 
1^ 
1.6 
1.4 

I 

0.0 

0.6 
04 

a2 

D 




a 



Sonfiing Region 



PAGE m ' RCVD AT 1(I/12I2(H)S 6:33:56 PM [Eastern DayDght Time] ' SVR:USPT0{FXRF-6I24 < DN1S;27383(I0 ' CSID:16192350176 ' DURATION (iniiKS):19-22 



10/12/05 15:52 FAX 16192350176 



KMOB SAN DIEGO 



@1056 



WO 00/13004 



PCTAJS99n9624 



10/10 





PAGE 56156 * RCVD AT 111/1212005 6:33:56 PM (Eastern DayOglit fime] < SVR:USPTO-EF)(RF-6/24 ' DNlS:273g300 ' CSID:16192350176 ' DURATION M:19'22 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original - 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 



IIF BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




